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In discussing the perfomanes characteristics under various operating 
conditions of sintered plate nickel-cadmium batteries of the Nike and Corporal 
types, I would like to start with th* Kike battery, since its development pre- 
dates that of the Corporal battery« 

In March 1951, uxxler a Signal Corps contract with the Sonotone Corporation, 
an investigation was undertaken to develop a battery which would serve as Mam 
power supply for the Nike guided missile « This battery wa^ to be capable of 
15 minutes of operaUon within the volUge range of 28 V^^O^ when discharged 
through 2«8 ohiiis» Ihis perfozmanee was to be obtained under severe conditions of 
shock and acceleration and at high altitudes, as well as after long periods of 
discharged storage and float. As with most guided missile components, the 
reliability requirement for the battery was very high, since no more than one 
missile failure in a thousand could be toleratedo It was felt by the Signal 
Corps that the sintered plate nickel-cadmiun system could best meet the hig^ 
reliability and long float charge requirements on the Bike battery and therefore 
this system was selected for devslopsent. 

In January 1952, ten months after the start of the development contract, 
regular production of the battery was initiated by the Sonotone Corporation « 
For several months thereafter (approximately January thru May 1952), both develop- 
ment and production models were produced; The battery, bearing Sipial Corps 
nomenclaturo BB-ljOl/U, is presently being produced by both the Sonotone Corpora- 
tion and the Eagle-Picher Companyo It consista of 2k cells connected in series, 
each cell having a nominal capacity of about 3»5 - UoO ampere hours at the 5 hour 
discharge rateo 

The cell cases are molded ftrcm Bakelite C-U, a transparent plastic^ and 

are assembled in a steel case which has been made corrosion resistant by the 
application of a special paint » A transparent plastic protective shield; above 
the cells , and slots or windows cut in the sides of the battery allow for some 
inspection of the individual cells* With the exception of the upper post 
terminal nuts, which are nickel-rplated steely all the battery hardware, such as 
plate straps, tejminal posts and inter-cell connectors, are made of pure nickelo 
This was done to minimize the presence of iron within the cells which might 
prove harmful. Each cell contains nine plates, 5 positive and U negative, all 
the plates having a thiclmess of approximately o025**o Hie separator used is 
a combination of one sheet of cellophane sandwiched between two sheets of nylon 
parachute cloth and the over=all separator thickness is approximately oOlO**. 
The electrolyte is a solution of potassium hydroxide having a specific gravity 
of about 1»300. 

Since 1952, when production of the Nike battery began, the Signal Corps 
Engineering Laboratories have tested approximately 200 sample batteries to 



CES 206/16 



deternina their ability to meet apecilUcation requirements <> Ihe test procedxire 
involves a series of 5 initial tests followed by tvo delaysd -tests. All sample 
batteries are given the initial tests and then half of each sample lot are 
placed on a 2 year discharged storage test and the other half on a 1 year float 
test. The initial tests are started within-iO'days and completed vithln 60 days 
after their receipt at these Laboratorj^es • The series of initial tests is as 
follows: 

»• VISUAL AND MBCHAMICAL IHSESCTIOM 

This test is xva to detexmlne that the dimensions , markings and 
workmanship are in accordanca with specification requirements • 

b. FULL CHARGE GAPACITY DISCHARQg 

In this test/ the batteries are charged at 31 oh £x%V„ (1.55 V/cell) 
for 6-16 hours at room temperature. By tbs way, all charges ulth the exception 
of the float charge , are carried out in this manner o After the charge^ the bat- 
teries are discharged thru a fixed resistance of 2o6 ohms to a cut-off voltage 
of 25«2 volts* No dlffle;t^.tie8 have been sneounterad in the batteries meeting 
the requlrenant of 15 minutes discharge time under this testo 

C. SIMULATgD AliTrrUCE TEST 

After the batteries are charged, they are placed in a ehaahWf iialf 
of them upright and half in an inverted position* The chamber is theft' evacuated, 
to a pressure simulating altitude of 100,000 feet. The batteries are then dis- 
charged at thj3, reduced pressure o Although virtually all the free electrolyte 
drains out of the inverted batteries, both the t^right and inverted batteries 
have always met the 1$ ninute specification requirement* 

do HIGH TEMPERATURE TEST 

After charge, the batteries are allowed to stand at 125 ^2^ for 
12 hours and then discharged at this temperature* . Here again, half the batteries 
are discharged in the inverted position* The batteries have had no difficulty 
passing this test* 

e« SHOCK AHP ACCELBRATIOM 

After charge, the batteries are subjected to the following series 
of shocks and accelerations s 

(1) A 50 g acceleration for 3 seconds, followed by a 3 g acceleration for 
26 seconds, followed by a 100 g shock for 6.5 milliseconds all along the- axis 
perpendicular to the ends of the battery* 

(2) A 10 g acceleration for 150 seconds followed by a 100 g shock for 
6*5 milliseconds along the axis perpendicular to the sides of the battery* 

(3) A spin at 600 rpm for 10 seconds about the axis perpendicular to the 
top of the battery. 

Following this sequence of shocks and accelerations, the batteries are 
given the nonnal discharge through 2*6 ohms* Although all the batteries have 
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met the 1^ minute requireMBnt on this test, many cell cases cracked, due to the 
shocks imposed and consequently most of the free electrolyte was lost froa these 
cells during the spin test. "VShen cracked cells occurred, the delayed tests 
could not be performed on the batteries and therefore, the shock and acceleration 
test was moved to the end of the test program. This occurrence of cracked cases 
has since been greatly reduced by iUbreasing the length and width of the steel 
case and by inserting a neoprene rubber liner between the cells and the walls 
of the steel battery case. 

f« DBLAYKP TESTS 

(1) The first delayed test is a 2 year discharged storage test. The bat- 
teries are first discharged thrqug^ 2 #8 ohms to 0 volts and then stored for 
varying periods at temperitures ranging from -tiOOF to ;f IbO^F. 

PoUowing storage, thai batteries are given the nonaal charge and dis- 
charge. No failures have resulted from this test* 

(2) The other delayed test is .a one year float test. Aftgr a nonnal charge, 
the batteries are floated at 33.6 J^.3 V (l.li V/ceU) at 75±rf and 50 ±5* 

R. H. for 1 year. Every 3 months cell electrolyte levels are checked and if the 
levels are low, they are adjusted with distilled water to the bottom edge of the 
windows in the battery case. FoUowing the float period, the batteries are given 
the normal discha^*ge. Many of the earljTv production batteries failed this test, 
due to 'tile d^io^wit of one or more in^fnaUy shorted cells during the float 
periodV a3ie8l''^h6Hs were caused by contamination of the cells with copper and/or 
silver. Early in the production of the batteries, it was found that copper in- 
clusions were getting into the sintered nickel plaques during manufacture, and 
steps were taken to prevent this. Following this, however, copper and silver 
appeared as contaminants as a result of welding with electrodes of these 
materials. In the batteries presently manufactured, nickel or nickel-plated 
electrodes are being used for welding and the occurrence of shorted cells has 
been practically eliminated. 

In 1952, a test program was set up at SCEL' to obtain data which would help 
to establish the performance to be ejected from Battery BB-UQ1-/U iMnediataly 
prior to actual missile use, that is, after manufacture, shipaent, preparation 
and maintenance for use. Approximately, UUO batteries manufactured between July 
1952 and' June 1953 were obtained for this test. The batteries were tested under 
the following conditions s 

(a) Shock 

(b) Acceleration 

(c) Vibration 

(d) Charged Storage 

(e ) Discharged 'Storage 

(f) Float 

In this program, the battery was again given a shock of 100 g for 6.5 mil- 
lisecondso However, each battery was subjected to 9 of these shocks, 3 eacii 
along each of the three mutually perpendicular axes. The battery was discharged 
for one minute before the first shock, for one minute after the first 8 shocks 
and following the last shock, the discharge was continued to the cut-off voltage 
of 2^.2 volts. The acceleration on each battery test consisted of a 50 g 
acceleration for 3 minutes, along each of three mutually jierjpfindicular axes. 
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The battery was discharged during, and subsequsnt to the 9 min-Utes of ac» 
celeratioHo In the vibration test, each battery was given a horiaontai vibratidi 
for 5 minutes along each of the three axes, Tlie vibration frequency was 
uniformly varied from 10 to 50 to 10 ops every minutes and the axial excur- 
sion was 0«060". The batteries were discharged throug^iout the course of the 
vibration period* During the shock *nd vibration tests, the batteries were 
in the metal battery box in irtiich they are housed in the missileo Of the 36 
batteries subjected to the shock test, all passed the specification requirement 
of 15 minutes, with the average discharge time being l8<.9 ndnutose Twelve bat- 
teries were subjected to the acceleration test and all but one battery, )^ch 
gave 12 adnutesy passed the test. Ihe average discharge tiins ^ns l8o8 minutes. 
In the vibration test, all 13 batteries passed and the average discharge tijue' 
was 16 o8 minutes. The data for the three mechanical tests was sufficiently 
consistent and reproducible to conclude that no battery failures which would af- 
fect missile perfonoanoe would be anticipated under the conditions of these tests 

Discharged storage tests were run from 1 week to 3 months at «U0^, for 
6 months at O^F, for 9 months at 32®P, f or 6 to 2it months at 80®F, for 1 week to 
3 months at 125°F, for 1 week to 3 months at a temperature varying between -80 
and -/-dtfiV, and for X week to 3 months at a teanpezature varying between -j^80 and 
«y^l60°Fo Out of h6 batteries tested under these varying conditions of discharged 
storage^ all but one net the specification requirement and the average discharge 
tine was 19 ok minutes » The one failure gave lUo5 minutes . It is therefore 
evident that storing the batteries in a discharged condition prior to use should 
not cause any. battery failures. 

Chirged stdrige tests were conducted for periods up to 12 months at O*'?, 
320F, and 8OOF3 and up to 1 month at 125^* Of a total of 3k batteries given the 
charged storage tests, only I3 passed the l5 minute specification requirasent. 

The results were inconsistent and the retention of charge vs<, time at any 
temperature did not seem to follow the expected pattern. Though the reasons for 
this are not definitely known, it is believed that they were not associated with 

the basic electro-chemistry of the system, but rather with mechanical faults in 
the battery construction which can, and in most cases have been, corrected. 

Float tests at 33o6io3 volts were conducted for periods up to 9 months at 
32OF, up to 2)4 months at 80^, up to 18 months at 100^ and to 12 months at 
125^. Out of 139 batteries tested here, 71 gave less than 15 minutes discharge 
tima. However, 52 of these failures occurred at 100 and 125®F where difficulties 
were encountered in?, controlling the temperature of the cabinets in which.thes^ 
tests were cpnductedo In many cases fusion of the cell containers was observed, 
indicating that the temperature of the cabinets reached 200*^ or higher » As with 
the specification testing previously described, many failures were due to shorted 
cells resulting from copper and silver contaninationo 

In summarizing the results of the test program conducted at SC2L, it is 
apparent that the incidence of battery failure is much greater for charged" stprag 
and float tests than for discharged storage and mechanical tests » It appears- 
that these two conditions permit battery faults such as internal shorting and 
cracked cases to become overt, Elimination of the causes of these faults have 
improved the battery reliability during charged storage and float. 

The battery for the Gorpor«l mi.ssiie power supply was designed in the early 
part of 19Sh under an Ordnance missile contract. SGEL was given the respons- 
ibility of preparing the specification and procuring the battery. The battery 
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was required to give 6 minutes of operation when discharged at 16 amperes to a 
cut-off voltage of 18 o3 volts and the voltage was not to exceed 20 volts after 
2 minutes o The missile power supply actually consists of six of these batteries 
connected in series so that the nominal voltage is 115 volts o Four of the bat« 
teries are designated as EB-U06/n and the other two as EB-iiOT/U^ the only dif- 
ference being that the brackets used^ f or mounting the batteries in the missile 
are placed in a different position on the steel outer battery caseo Production 
of the batteries was started by the Sonotone Corpcxration in July 195U and by the 
Nickel Cadmiun Battery Corporation in January 1955* 

The battery consists of 16 cells whose internal construction is essentially 
the same as that of the Nike cell except that each cell contains 21 plates aad^ 
has a nominal capacity of about 5 anqpere hours* The cells are housed in a steel 
biittery case and cover o Felt pads are cemented to the inside surfaces of the case 
and cover to cushion the cells and also to absorb any electrolyte which may leak 
f^on the cells o The first felt pads were made of cotton but were changed to ziyloa 
which is much more alkali-resistant « Unlike the Nike battery which has a haai;er 
wrapped around the outside of the battery case, the heater forms an integral part 
of the Corporal battery and is embedded in the felt padding inside the battery case« 
It maintains the battery at a temperature of about IO0PF9 whereas Ihe Nike heater 
is used to keep the battery above UO°Fo The Corporal heater was originally made 
of aluminum, but this was changed to stainless steel because the aluminum was -not 
resistant to the potassium hydroxide electrolyte « 

The Corporal battery is required to be charged in two hours 0 In the field, 
six batteries are charged in series o The charger used charges the batteries 
essentially at a constant current of 3 to U amperes until a potential of I38 volts 
is reached o At this point, the charge current drops- rapidly until a cut-off 
voltage of between lh2 and lk$ volts is reached« After cut-off, the charging^ 
current remains at about 100 milliamperes » The batteries are not maintained at 
full charge in the missile by continuous floating as is done with the Nike battery 
because the high current of 100 milliamperes, particularly at a temperature of 
100 F would rapidly dry out the battery., Instead the batteries are booster charged 
while in the missile every h days for a period not to exceed 60 days. If the 
missile is not fired in this time, the batteries are removed for any conditioning 
and maintenance that may be necessaryo Subsequent to this, they may be returned 
to a missileo 

One of the early major problems encountered with the Corporal battery was 
the high occurrence of electrolyte leakage and cracked cells during shipment » 
It was found that one of .the main causes of the leakage and cracked cells was the 
fact that the batteries were shipped in a shorted condition by the insertion of 
a shorting plug in the cannon connector on the outside of the battery caseo In 
shorting the battery, some of the cells were reversed, causing gassing o The 
gassing built up excessive pressures within these cells, resulting in the elec- 
trolyte being forced out and, in some instances, the expansion and cracking of 
cell cases o Cell cracking was most prevalent in the front row of four cells which 
were not as well supported as the other two rows of six cells o The placing of a 
steel band around the row of h cells greatly reduced the occurrence of cracked 
cases during shipment and operation. !Ilie removal of shorting plugs and the re- 
placement of vent plugs with shipping screws during shipment has essentially 
eliminated leakage problems 0 

Another problem which was very prevalent in the field was the occurrence of 
excessive electrolyte spewage during charge, the spewage resulting in shorted 



-5= 



CES 206/16 



batteries, due to leakage paths across the top of the colls. An investigation at 
SCEL showed that after dumping all the free electrolyte from the cells, the bat- 
teries could be cycled at least 50 times and still meet the specification require- 
ment of six minutes discharge time* It was therefore decided to duurp the cells 
prior to charge. However, it mis found that the cells did not readily dmp because 
air locks developed in the narrow vent openings when the battery was inverted. To 
overcome this, SCBL designed a dumping tool to facilitate electrolyte removal. 

In the specification testing of production batteries at SCffl,, it has been 
found that acceleration, vibration and reduced pressure equivalent to 150,000 feet' 
elevation do not affect battery performance. A high temperature, high humidity 
test, where the batteries are exposed to a temp^ratiffe of 120 and a 9$% relative 
humidity has caused many battery failures, particularly with_ one manufacturer's 
batteries. In this test^ the tempera tura and polatdye humidity are uniformly 
raised over an eight hour periled "to 120S5^-and f5r5jC E.H., respectively. After 
soaking f^ 6 hourd, t|ie temperature is reduced uniformly over an eight hour period 
to 70E10^, at vtiioh toiQ)erature they remain for an additional 2 hours. This 
cycle is repeated 3 times, after which the battery is discharged. Apparently, the 
high temperature, rather than the high humidity causes the battery failure because 
when the test Is run at low relative humidity, the batteries still fail. The test 
conditions affect the battery voltage rather than the capacity since the batteries 
give their normal discharge time, but most of the capacity is obtained below the 
required cut-off voltage of l8 .3 volts. The manufaetorer is of the opinion that 
lowering the electrolyte specific gravity tron 1.300 to li,200 will overcaae this 
deficiency and this point is being checked. 

Host of the problems which have been encountered with production batteries 
for the Nike and Corporal missiles are in a large measure attributable to the 
extremely short time that was available for their development and production. 
This left no time for a pilot plant stage, at which point most of these difficulties 
would have normally been discovered and corrected. In spite of this, most of the 
causes for malfunctions have now been eliminated and present production models are 
giving very satisfactory performance under all operating conditions. 
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PLASTIC CONTAINERS FOR L£AD°-ACID STOBAGB BATTEEOES 



v 



Mr. L. S. Gerber 
Detroit Arsenal 



Complaints are continiially coming in on damaged automotive storage battery containers 
althongh a very good grade of bard rubber is used In the manufacttire of both the cases 
and covers o A recent survey and discussions vith battery men in the field indicate that 
many batteries are damaged In removing the battery terminal while changing batteries* 
The heel of the vrenoh strikes the cover and in the operator's anxiety to remove the 
terminals, puts sufficient pressure on the cover to bi*eak ito Cases are further damaged 
by tightening the hold-doun clamps too tight and by careless handling. 

During 19^2, discussions with plastic suppliers and fabricators revealed that it 
seemed that the art had advanced to the state where it was worthwhile to inrestig^te its 
possibilities for use as an injection molded container. It was further decided that 
instead of experimenting with cases only, that the contract be awarded to a battery 
manufacturer who would be responsible for the design of the case, the battery and its 
operation. A contract was accordingly awarded, early in 1953 « to the Electric Storage 
Battery Company* This contract contained some very severe requirements as far as Impact 
strength^ heat dislocation, low acid absorption and light weight were concerned. The 
requirements were set as a challenge to the plastic industry. As an example^ it was 
specified that the case and cover should be capable of withstanding an impact resistance 
of U«65 lbs. weight when tested on a prescribed iiiQ)act tester at the following distances 
at these temperatures s 



With the cases assembled into a battery, it shall be capable of being dropped, at roco 
temperature, from a height of five feet on a concrete floor. The drop to be repeated 
four (U) times, all without damage, withs 

(1) Battery hitting on one of its bottom comers. 

(2) On a diagonal opposite bott(»n comer« 

(3) On one of its top comers o 

(U) On the diagonal opposite top comer. 

The contractor contacted all major plastic suppliers and was advised that there was 
no plastic commercially available to meet these specifications. Several of these plastic 
suppliers worked with the contractor to develop a new plastic. Of thirty-five (35) of 
the original plastics investigated, five (5) were eliminated due to poor acid test| 
twelve (12) were not given any further consideration due to poor impact resistance; 
one (1) presented a molding problem) one (1) heat distortion was unsatisfactory, and 
the remaining sixteen (16) were re-evaluated. About this time, plastic suppliers came 
up with these recosmendations g 
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Bakelite suggested their QM5»l52.and QMS-l55o 
Motisanto suggested Lustrex LT. 

Dow suggested Q^lih» a blend of styron 700 and styron U75o 
They also, suggested nylon o 

Kaugatuck Chemical Con?)any suggested their Kralastic "J«» 
The American Hard Rubber Company suggested: 

a. Koppers MC-l85o 

b. Styron 700, 
c« Bakelite C-llo 
do Kralastic "H"p 

Since Dow and Naugatuck did not include Styron TOO or Kralastic "H", these materials were 
eliminated Srcm the American suggestion « 

(6) Goodyear Rubber Coiiq>any stated that they would not reconmend their Plio-Tuf • 

(7) GA^QC recommended Koppers 

(8) Mack Moulding furnished data on fiberglass filled with P-8 polystyrene. 

In addition to the above, the contractor also evaluated Koppers HIP=2U9j Naugatuck 
Kralastic-21635 Hard Rubber Resin Rubber jj^L; Richardson's Implastj Ainerican Hard Rubber 
ACE-TOF ^C^i and the Standard Ordnance hard rubber compound as a comparison. 

Of all these materials, the most favorable were Bakelite QMS-155 and Naugatuck, 
Kralastic "J"o Of these two, Kralastic "J* had the better iinpact resistance over a 
wider teaqperature range and came nearer meeting the contract requirements <> The heat 
distortiMi of Kralastic '*J*' is not quite as good as Bakelite QMS*l55 and does not meet 
the specified 2000?^ bat the container was so designed as to overcome this problem. 

U^on selection of a material, the contract sub-contracted with Mack Moulding 
Company, Arlington, Vto, for the production of a mold and a quantity of 2HN containers and 
covers o Hie Prolon Company, Florence, Mass., was given the task of furnishing a mold 
and cases for the type 6TN batteryo 

Upon receipt of containers and covers ^ the contractor assembled batteries and con- 
ducted drop tests „ It was found that the type 2HN battery could meet the prescribed re- 
quirements, but the 6TN> being twice the weight, caused heavy indentation in the case 
and the elements were damagedo Ihese tests demonstrated that a perfect seal could be 
accomplished using Kralastic^-Methyl Bthyl Ketone plastic to plastic seal and that 
type 6TN battery requires a reinforcanent at the comers to withstand the five foot drop 
test; also that the interior would be as rugged as the case. 

The contract with Electric Storage Battery Company was, therefore^ extended to 
Improve the interior construction and reinforce the corners,, At this point, there was 
considerable delay as Exide moved their operations fron Fairfield, Connecticut, to the 
WiUard plant in Cleveland, Ohio. There was further delay in procuring an envelope 
type plastic separator from England which will permit elimination of the bridge at the 
bottom of the cell and form a compact unit giving it the advantage of the Varley 
separator. 

Sample batteries have been completed and are on test at the Detroit Arsenal 
Laboratories and the Willard Company, Cleveland, Ohio. Samples of both the 2HN and 6TN 
have been shipped to Rcssford Ordnance Depot,, Packaging Depot, for rough handling test 
and determination of the minimum packaging requirements for siiipaent and handling. 
Samples have also been fuimshed for climatic tests at Yiaroa and Churchill, as well as 
CONARC, Board #2, Fort Knox. 
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Complementary to the plastic battery case development, there is a pro;iept to 
determine the feasibility of packaging battery electrplyte in plastic containers and 
in packing the electrolyte in the same package with tjje battery o 
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TH£ SILVER OXIDE-ZilNC-ALKALINE SECONDARY 
TORPEDO PROPULSION BATTSRI * 



J. F. Donahue 
U. S. Naval Ordnance Laboratory 



This paper deals with the oharacteristips exhibited by the 
silver oxide-zinc alkaline secondary torpedo propulsion 
battery in both field and laboratory evaluation. 

Before discussing the characteristics of the system^ it is 
of interest to very briefly trace the history of electric 
torpedo batteries in this country and compare the ratio of 
energy to weight of the several electroohefflioal syateffls 
presently being used to provide propulsion power for torpedoes. 

Work was initiated in this country on the development of the 

first electric torpedo in 1915. However, it was not until 
after the outbreak of World War II that Intensive development 
finally culminated In the Torpedo Mark 18, which was the 
first electric torpedo released to the fleet. Power for this 
torpedo was provided by a lead-acid secondary battery, the 
Mark 2 Mod 0, which weighed 1220 pounds and supplied 720 
amperes at an average voltage of 120 volts for 4 minutes. 
The battery thus provided 4..7 watt- hours per pound.. During 
the next few years a series of lead-acid secondary batteries 
was developed which gave a slightly higher watt-hour per 
pound output but did not differ markedly from the original 
design. The rather low ratio of energy to weight obtainable 
was the principal shortcoming of electric torpedoes as it 
was approximately one-third of that obtainable from conven- 
tional steam torpedoes. With the advent of the longer running 
homing torpedo this low energy to weight ratio became an even 
more acute problem. The first* real improvement in this regard 
came towards the end of World War II when a silver chloride- 
magnesium-sea water torpedo battery was developed. This 
primary battery delivered 38 watt-hours per pound which was 
approximately 8 times the energy per unit weight obtainable 
from the lead-acid Battery Mark 2 Mod 0. However, the high 
cost of this battery caused further development to be directed 
towards a lower cost primary battery for war shot use and a 
high energy secondary battery for exercise and ranging purposes. 
In the period between 1949 and 1953, the Electric Storage 
Battery Company developed what they termed their "SR" series, 
of lead-acid secondary batteries. Through the use of 
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electrolyte-retaining separators, high gravity acid, thin 
plates and finally lead plated copper screen grids, the 
energy per unit weight output ^of the lead-acid system was 
increased from ^•V.to 7.9 watt-hours per pound in the Battery 
Mark 32 Mod 3, This appears to be the practical limitation 
of the lead-acid system at the discharge rates used for 
torpedo propulsion. 

Since the introduction of the Andre silver oxide-zinc cell 
in this country, it has been possible to obtain a marked 
increase in energy per unit weight and volume for secondary 
torpedo batteries. The first torpedo propulsion batteries 
utilizing this system were manufactured in 1951. One of 
these, the Battery Mark 37 Mod 0, weighed 390 pounds and 
supplied 470 amperes at an average voltage of XUO volts for 
5 minutes. This battery thus provided 14.1 watt-hours per 
pound. Concurrent with this improvement in secondary battery 
performance, a silver oxide-zinc-alkaline primary battery 
was developed which gave approximately 30 watt-hours per 
pound at about two-thirds the cost of the original sea water 
battery design. More recent improvements in the manufacture 
of the sea water battery have reduced its cost so that the 
sea water and silver oxide primary batteries are now about 
equal In cost. 

Figure 1 gives a comparison among the above mentioned systems 
on an energy per unit weight basis. It is to be noted that 
for the silver oxide-zinc secondary batteries a much higher 
watt-hour per pound output can be obtained if it is not 
desired to recycle the battery, as would be the case in an 
actual war- shot. When recycling is required the discharge 
of this type battery must be terminated at a time when the 
voltage is still above the normal minimum acceptable value- 
in order to prevent overheating and destruction of the 
battery, 

OPERATING CHARACTERISTICS 

In discussing the operating characteristics of the silver 
oxide-zinc secondary torpedo battery system the maintenance 
which the battery requires will be described first and then 
the performance which has been obtained will be reviewed. 
Since the Yardney Electric Corporation is the only qualified 
supplier of this type battery at the present time, practically 
all the data to be presented was obtained from this manufac- 
turer's batteries. Figures 2 through 5 are photographs of 
the various batteries which will be discussed. 
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Maintenance 



Silver oxide-zinc secondary torpedo batteries arc presently 
delivered by the manufacturer in the dry and uncharged 
condition. Table I illuatrdtes the operations and time 
required to prepare a battery for service. 



TABLE I 

OPERATIONS R£qUIH£D TO PRBPARE A SILVER OXIDE-ZINC 
TORPEDO BATTERT FOR SERVICE 



Operation 

Fill with electrolyte 
Soak 



Time Required 
2 to 7 hours 
48 hours 



Initial Charge 
Discharge (high rate) 
Disohargp (lev rate) 
Stand 
Charge 

Battery is now ready for service. 

If an 8 hour work day is assumed for all operations which 
require personnel in attendance^ it requires five to ten 
days from the time filling is' started before a battery is 
available for use. Field reports have indicated that this 
one to two week period is a handicap in the preparation of 
schedules for the use of torpedoes. The probable answer to 
this problem is to call for delivery to be made with the 
batteries in the charged and dry condition. Torpedo batteries 
have recently been manufactured in this condition and an 
evaluation is underway to determine the ability of these 
batteries to stand in the dry condition for reasonable 
periods of time and still give a satisfactory discharge 
without being charged after filling. This practice would 
require approximately two days for preparation. 



8 to 22 hours 

0*1 hour 

2 hours 

2 hours 

8 to 20 hours 
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Charging of torpedo batteries is performed at a constant 
current rate of about three to five amperes. Figure ^ 
illustrates the typical two plateau charging curves exhibited 
by silver oxide-zinc batteries* On the initial charge 
approximately 20^6 of the charge is made on the lower plateau. 
As cycling proceeds, more of the charge is given at this 
lower level until at the end of cycle life approximately 35% 
of the charge is given before tJie rise to the second plateau 
takes, place. , 

Termination of charge is based on a battery voltage cut-off 
value equal to 2,02 volts multiplied by the number of cells 
in the battery. Termination of charge on this basis usually 
reaults in discharge to recharge efficiencies of. very close 
to 10056. Some charges will not quite return to the battery^ 
the ampere-hours removed on the previous discharge. It is 
impossible to terminate charge on the basis of an input equal 
to say 110% of the previous output, as in field usage the 
ampere-hours removed from a battery during an actual torpedo 
run will be unknown. Further this method of termination does 
not take into account any loss due to self-discharge on the 
previous charged stand. 

As the cycling of a battery progresses, the individual cells 
tend to become unequal in their state of charge and there- 
fore reach the 2.02-volt value at considerably different 
times. This inequality is brought about by a number of 
factors such as differences among cells in self-discharge rate, 
charge acceptance, etc. Since the charging voltage curve rises 
rather steeply as it passes thru 2.02 voltes, several high cells 
can cause the battery voltage to reach the cut-off value before 
all the cells are fully charged. A similar problem is solved 
in the lead-acid system by simply overcharging until the 
lowest cell is brought up to full charge. However, overcharge 
of a silver oxide-zinc battery is harmful to both the separator 
and negative plate. Therefore in order to equalize cells as 
much as possible, a low rate discharge is performed after every 
fourth. normal high. rate discharge. The low rate or equalizing 
discharge is made thru a constant resistance and is terminated 
when the battery voltage falls within the range of zero to 
two volts. 

The manufacturer* s instructions state that no water or electrolyt< 
shall be added to the cells at any time after the cells are 
initially filled with electrolyte. Under normal temperature 
conditions no appreciable loss of water has been noted in cells 
which have delivered approximately 20 cycles over a five to six 
month period after filling. 
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Discharge Characteristics 

The silver oxlde-zinc secondary battery is used for exercise 
torpedo runs and is usually replaced by a primary battery for 
war-shots. In order to obtain optimum cycle life in exercise 
use 4 it is not possible to obtain all the usable capacity from 
a battery on each cycle. The discharges must be terminated at 
about 50 to 60% of rated capacity in order to prevent excessive 
overheating which will destroy the oellulosic plate separatioii 
and distort the plastic cell cases. The battery temperature 
after a discharge terminated at the 50% point will rise to 
about lAO^F while it will reach temperatures well above 200^F 
if the battery is completely discharged* 

Figure 7 shows the range of discharge voltage curves obtained 
during the cycling of a Battery Mark 4-1 Mod 1 with all discharges 
being terminated at the 50% point. The initial discharge curve 
followed a little below the upper extreme of the range, . As 
cycling progresses, the high initial peak disappeared and the 
voltage was actually at its lowest during the first half minute 
of a discharge. The entire discharge curve became lower on 
each succeeding cycle and reached the lower extreme of the 
range on the seventh discharge after which the discharge curves 
became higher and the initial high peak reappeared. The voltages 
reached a maximum on the fifteenth discharge and then tapered off 
slightly until a cell failure occurred on the twenty-third cycle. 

The dependence of the discharge voltage on current density at 
two temperatures {80*>F and 32**F) is shown on Figure 8. Discharges 
above 80°F tend to parallel the 80°F curve at a slightly higher 
voltage. Discharges made at 110«>F were 0,05 volt per . cell higher 
than the SO^'F discharge. 

During a 32°F discharge at current densities from 0.80 to 1.2 
amperes per square inch, the initial closed circuit voltage may 
fall slightly below 1,00 volt per cell for one or two seconds 
but will be at least 1.03 volts per cell at five seconds. 

Reliable performance can be expected at temperatures as low as 
32°F, However, performance becomes very erratic at slightly 
lower temperatures. Batteries which gave excellent discharges 
at 32°F failed to give any usable capacity when tested at lO'*? 
and very little capacity at 20°F. It is therefore evident that 
a battery heater is necessary for all torpedo batteries except 
possibly those \;hich are submarine launched. Through proper 
design and location of the heater, rapid warm-up of the battery 
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can be obtained using very little externally supplied power. 
For instance, a 100-watt heater can raise the temperature of 
a 63 pound battery in a 0®F ambient to a satisfactory operating 
temperature (50 to 60®F) in approximately two hours. 

Cycle Life 

Present specifications require a minimum of ten cycles within 
90 days after filling a battery with electrolyte. Laboratory 
tests have demonstrated that over 20 cycles- can be obtained 
in a five-month period after filling. However, the number of 
cycles obtained depends on several factors such as the period 
of time over which the cycles are obtained'. Several prolonged 
charged stands of 30 days or more will sharply reduce the cycle 
life. For instance, a Battery Mark 41 Mod 1 gave 22 cycles 
over a five-month period. The charged stand times ranged 
from one to three days on all cycles except for one 30-day 
charged stand. A second battery of the same type delivered 
only nine cycles over the same five month period. However, 
this battery was subjected to a 30-day charged stand early in 
the cycling and failed on the tenth discharge which was made 
after a 60-day charged stand. This battery did not recover 
capacity on subsequent discharges which were made after over- 
night charged stands. 

Results obtained from field usage of batteries indicate that 
stand in the wet and discharged condition has the same effect 
on decreasing cycle life and that a battery probably has a 
"wet life" of approximately five or six months regardless of 
whether it is cycled once a week or allowed to stand in either 
the charged or discharged condition for prolonged periods of 
time on each cycle. Where field usage of batteries has 
entailed cycling without prolonged charged or discharged 
storage, cycle life has been found to be equal to that obtained 
in laboratory tests, i.e. approximately 20 cycles. However, 
if the silver oxide-zinc secondary battery is used in the field 
as a war-shot battery, cycle life becomes of less importance. 
In this type of application the battery is charged, installed 
in a torpedo and then maintained in the charged condition 
throughout a war patrol. After the patrol> if the battery had 
not been used, it would then of course be desirable to test 
and recharge the battery for a second patrol. However, due to 
the six month wet life limitation, present instructions call 
for the use of only freshly filled batteries for war patrols. 
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Charged Stand 



Torpedo battery specif Icatloas require satisfactory operation 
after a 30-day charged stand vat room temperature. The 
specifications require the same capacity after a 30-day 
charged stand as after an overnight stand. However^ as was 
mentioned previously , the specif ioatlons only require about 
50% of the initial capability of the battery so that the 
battery can actually lose 50% capacity due to self-dls&harge 
during' the 30 days and still meet requirements. 

Laboratory tests have demonstrated that batteries give reliable 
performance after two months charged stand at room temperature 
if the stand is given in the early stages of the cycling. As 
the "wet age" of the battery increases^ its ability to give 
satisfactory capacity after a prolonged charged stand diminishes. 
Batteries have not as yet been subjected to charged stands of 
more than two months in laboratory tests. 

An interesting field test of the ability of batteries to give 
satisfactory capacity after a six-month charged stand was made 
in late 1954>. Fourty-eight war- shot-ready" torpedoes using 
the Battery Mark A2 Mod 0 were issued to certain ships which 
were deployed for six months in the Pacific. Because of an 
insufficient quantity of properly prepared batteries at the 
start of the test period^ 18 batteries previously used for 
exercise purposes were installed in some of the torpedoes prior 
to deployment. These batteries had been in the filled condition 
for three to five months prior to installation. The remaining 
30 batteries had been filled and prepared in the proper manner 
immediately prior to issue to the ships. . All torpedoes were 
stowed on the main deck of the ships during the six-month 
deployment; the reported temperatures ranged from 29°F to 103°F. 

After the return of the ships the 4-8 batteries were removed 
from the torpedoes for inspection and discharge. Any battery 
having an open circuit voltage of less than 60.0 volts .(1.82 
volts per cell) was given a freshening charge before being 
discharged. 

Ail 18 batteries which had been used in previous exercise runs 
required the freshening charge and all failed to give satis- 
factory capacity when discharged 12 hours after the freshening 
charge. 
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At the end of the six-month period only four of the 30 new 
batteries required a freshening charge as determined by an 
open circuit voltage check. Two of these four batteries 
failed to give a satisfactory capacity when discharged 12 
hours after the freshening charge. The remaining 26 batteries 
all had acceptable open circuit voltages at the end of the 
deployment. Twenty of these were discharged without a 
freshening charge and gave satisfactory capacity. 

Shock 

In Laboratory evaluation, torpedo batteries have been subjected 
to single phase shocks of 50 to 200 g«s of O.OiVO to 0.100 
second duration, It has been found that the shock resistance 
of the silver oxide-zinc secondary battery is excellent in 
this range of shock intensities provided the individual cells 
of the battery are supplied adequate external support. This 
support involves two factors. First, the individual cells must 
be tightly packed within the battery case. Any shimming which 
is necessary 'due to cell case dimensional variation should be 
done with rigid, noncompressible material. Second, the battery 
case must be properly supported by its mount within the torpedo. 
Figure 9 is a photograph of a Battery Mark U2, Mod 0 after being 
subjected to a shpck of 186 g>s and 0.040 second duration. The 
battery mount, in the torpedo was not adequate in that it 
supported only the outer periphery of the end of the wooden 
battery case and allowed the mass of the battery to push thru 
the open center area of the support. 

One minor but frequent objectionable effect of shock has been 
the cracking of the seal of the plastic cell cover to its case. 
If these leaks are not repaired they can result in electrolyte 
leakage on recharge and more rapid self-discharge during 
subsequent charged stand. ; It would appear that this fault 
could be easily remedied by modification of the cover seal* 
However, it is a point to which most battery manufacturers 
apparently give very little thought. 

Tests at greater intensity of shock than the 50 to 200 g shocks 
mentioned above have been made on single cell units. Single 
phase shocks of 0.050 second duration and ranging in intensity 
from 100 to 1000 g's have been applied without any detrimental 
effects. For these tests each cell was mounted in a close 
fitting laminated phenolic resin box which gave adequate external 
support to the plastic cell case. 
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Shock tests have not been performed at temperatures other than 
normal room temperature. However, since an externally powered 
battery heater must be supplied to ensure satisfactory capacity, 
no low temperature problem i^ involved. 

No battery fa^ilures have resulted from shock in actual field 
usage. 

Vibration 

Vibration of silver oxide-zinc batteries which have been filled 
with -electrolyte does have a detrimental effect on their 
performance. The active material of the negative plate, which 
has poor cohesion and which is held in place primarily by the 
tightness of the plate assembly and the paper separator in . 
which it is enclosed, sheds from the plate during vibration. 
The extent of this shedding depends to a large degree on the 
external support supplied to the individual cell. The actual 
vibration applied to the torpedo is magnified if the battery 
case is not rigidly mounted in the weapon and the individual 
cells are not securely anchored in the battery case. Figure 10 
illustrates the extent of shedding caused by a three hour 
vibration at three g*s in the ten to 60 cycle per second 
frequency range. In this instance the cells were not adequately 
supported In the torpedo. The two cells on the left were not 
vibrated and the sediment in the bottom of the cells is the 
normal result of cycling. The two cells on the right were 
subjected to the same number of cycles in addition to which 
they were vibrated. It can be seen that the vibration caused 
a considerable increase in shedding. Sufficient data is not 
available to determine quantitatively what latent effects this 
shedding of plate material has on the cycle life or stand 
characteristics. 

Tests were conducted on single cells to determine if the effects 
of vibration could be minimized by modifying the external 
support of the cell. Single cells which were rigidly mounted 
to the vibration table showed no increase in sediment when 
subjected to the same vibration schedule. 

No reports of battery failure due to vibration have been received 
from field activities. However, since the effect noted in the 
laboratory tests is internal to the cell it is not suprislng 
that field reports have made no mention of it. No vibration 
tests have been performed to simulate transportation vibration 
prior to filling the batteries with electrolyte. 
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SOURCES OF SUPPLY 



As was mentioned previously, the Yardney Electric Corporation 
is the only qualified supplier \>f silver oxide-ainc secondary 
torpedo batteries. Four other manufacturers - - American 
Machine & Foundry Company, Bagle-Picher Company, Electric 
Storage Battery Company, and Gould National Batteries, Inc. 
have submitted samples for evaluation. 

American Machine & Foundry Company submitted five designs of 
the Battery Mark 39 Mod 0 between 1952 and 1954. Their initial 
submission exhibited very* poor electrical characteristics in 
regard to cycle life, charged stand, and 32^F discharge 
performance. However, this manufacturer made relatively rapid 
improvement in design, and the latest submission met all 
electrical requirements but failed to meet the center of 
gravity and weight requirements. The AM&F Co. batteries, 
while n'ot quite meeting all requirements, are. considered second 
to Yardney in performance of the type required for torpedo use. 

The Electric Storage Battery Company has submitted numerous 
samples of various Marks and Mods from 1949 to the present 
time. None of these batteries met all electrical requirements. 
Cell unreliability and poor charged stand characteristics are 
the principal shortcomings at the present time. 

Gould National Batteries Inc. and Eagle-Picher Company haviB 
each made one submission for evaluation in the past two years. 
The batteries of both these manufacturers exhibited poor 
charged stand and cycle life characteristics. 




Technical Information Office 
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COMPARISON 07 TORPSDO PROPULSION BATTXRY SYSTSHS 
ON THE BASIS OF ENSRGI PER UNIT VKIGHT 



System 


Mark - Mod 


Density 
Lbs •/ cu.ln. 


Watt-Hours Per Pound 


PbO^-Pb Secondary 


2-0 


0.0745 


m 


32-3 


0.0746 


m 


m 


AgO-Zn Secondary 


47-0 


0.0567 




mmmm 


42-0 


0.0420 




39-0 


0.0685 


m 




41- 1 


0.0600 




mmmm 


Ag0-2n Priaary 


EI- 2 


0.0U5 




AgCl-Mg Primary 


34-0 


0.0749 





0 10. 20 3b 40 

HOTS: The lighter shading shows the added capacity obtained when the AgO-Zn 
secondary la completely discharged (Var shot or destruotiye discbarge). 



Figure X 
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Battery Mark 41 Mod 1 (20 Cells) 
Wet Weight: 18.0 pounds 

Dimensions: 10-5/16" L, 6-7/8" W, 5-11/16" H 

Rating: 135 Amperes 

25.0 Volts (average) 
6.0 Minutes (exercise use) 
8»0 Minutes (war shot use) 



Figure 2 



CES 206/16 



Battery Hark. 39 
Filled Weights 
Dliiienslons: 
Rat^: 



Mod 0 (27 Cells) 
26*5 pounds 

7-5/16" L, 6-15/16" W, 8r9/16" H 
120 amperes 
35.0 volts (average) 
6.0 minutes (exercise use) 
11*5 minutes (war shot use) 

Figure 3 
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Figure 9 



EFFECT OF VIBRATION ON INADEQUATELY SUPPORTED 
CELLS OF A SILVER OXIDB-ZINC SECONDARX BAXTERX 




cells Hot Vibrated Vlteated Cells 



NOTE: The white material on the bottom and, sides of the cell cases is negative plate 
active material* 

FIGURE 10 GES 206/16 



PRESENTED AT THifi JOINT BATTERY CONFERu^NCl!: MEETING - 12 SEPTEMBER 199> 
Sponsored by the Coordinating Caninittee on Equipment &. Supplies 
Office of the Assistant Secretary of Defense (RScD) 
Washington^ D. C* 
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THS NICKiJi-CADMIUM-ALKALIME 
SaCONDARY BATTiiRY 

Harold Lichtenstein 
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Batteries with nickel oxLde In the positive plates and cadmium 
materials In negative plates have been In use since 1910* The flat 
pocket type of construction Is used for both positive and negative 
plates* This flat pocket fabrication allows extremely thin plates to 
be made and permits the plates to be brought close together* The 
pockets or eonpartinents are fabxicated from sheet steel vhlch is pierced 
by many small holes or from perforated steel ribbon both of which are 
nickel-plated* The pockets are approsdmately one-half inch high and 
usually vary in length and thidknesst Plates are assesibled f^n pocket 
elements 9 In alrost any desired size, by being pressed into grids called 
framesf which are also made of nlckel-plated steel* In the nickel cad- 
mium battery^ the positive and negative plates are identical in mechan- 
ical construction and sgopearance* 

The active material in the pockets of the positive plates is either 
a hLc^y purified nickel oside» which is converted to the green nlckellc 
hydroxide (Ni (011)3) ^ cha^rge or the podcets may be filled initially 
with Ni (OH) 3* This compoimd is a very poor electrical conductor and 
therefore 2$% by weight of hi^ purity specially treated gx«pbite is 
added to obtain the required conductivity* The active material in the 
pockets of the negative plates is cadmium oxide^ CdO* On charge this 
is reduced to finely divided metallic cadmium and in order to overcome, 
its tendency to coagulate^ about 30 per cent by weight of Fe203, ferric 
trloxlde> is incorporated with the cadmium oxide* 

The active materials are insoluable in EOH and do not react with it 
when the battery is on open circuit* The generally accepted chanical 

reaction is Cd*^2Ni(OH)3*25H20 CdO+2Mi{OH)2*3H20. The graphite in 

the positive, and the ferric trioxide in the negative plates take no 
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part in the reactions. Since the K0^^ merely acts as a conductor the 
specific gravity does not change appreciably through a con^jlete cycle 
of charge and discharge* 

The electrolyte used in the -various types of nickel cadmium alkaline 
cells is substantially the same. It is hi ^ purity potassium hydroxide 
in distilled water and nay have 9 in addition small amounts of other 
alkaline chemicals* The normal specific gravity is 1«190 but» If the 
cells are to operate in a cold dijnate^ the specific gravity may be 
increased to l«23a»l«300» The hl^r gravity shortens the life of the 
battery iihen used at normal texr^jeratures* 

Toiiards the end of I9U2 the Material Laboratory of the New York 
liaval Shipyard, began to evaluate the charactexl sties of the Nickel 
Cadmium Battery* These ln-«estlgations to date include nickel cadmium 
batteries of the pocket t^e and the sintered plate type* 

The Nlfe nickel cadmium alkaline storage batteries were among the 
first evaluated* These were all five cell, six volt pocket type 
batteries* The basic ampere hour ratings of the three groups were as 
listed: 

a* 125 ampere hours at the ^-hour rate 

b« 175 ampere hours at the 2-hour rate 

c« 175 aaqpere hours at the ICMiour rate 
The 125 axap&ve hour battery was designated by the manufacturer as the 
I12H type* The general details were as foUowsx 
Weight per 5 cell tray 92 lbs* 

Dijnensions per $ cell tray 15 x 18 x 6*5 inches 

Plates per ceU 21 
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BLmensions of plates 



positive, 11) each 



7.0 X U»5x 0,110 incbes 



negative, lOj each 



7*0 X hmS X 0*080 inches 



Eatings 



labour 



US* 5 anps to 0*88 volts per cell 



3-hour 



lil«5 an|>s to 1«05 volts per cell 



^hour 



25*0 amps to 1*09 volts per cell 



8-hour 



1$«6 amps to 1*09 volts per cell 
12*5 aops to 1»10 volts per cell 



lO^hour 



The conponent battery parts iiere as follows s 

a« Battezy Trays - The cells nere mounted in hard wood crates by 
being suspended from the sides of these crates on ebonite insulators 
vhich fitted over welded steel suspension bosses^ and into blind boles 



b« Cell Jars - The cell jairs were of welded sheet steel construction* 
(Figure 2) 

c» Intercell connectors - The intercell connectors consisted of 
copper rod pressed into a steel lug after which the whole was nickel- 
plated. The bolt holes in the lugs were tapered to fit tightly on the 
matching taper of the terminals. (Figures 1, 2, and 3) 

d* Top assembly - The top assembly of the Nife cell consisted of a 
pressed steel cover In which were airanged the two terminals, with 
insulating packings, and a filler cup equipped with a hinged vent cap* 
The top assembly is shown In figures 2 and 3 9 installed and isolated, 
respectively* 

e* Negative plates - The negative plates, as shown xn figure U, 
each consisted of twenty steel pockets mounted in a steel frame entirely 



provided for the purpose* (Figure 1) 
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FIGUBE 1- K£F£ ALKAUNS BATXm 
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plates would J upon charge, be oxidized, go into solution^, and then attack the 
cellophane resulting in pinhole formtion* The creation of another plant solely 
for the sintering of nickel plaques , however did not wholly eliminate this 
problem o It was found that additional copper traces were introduced from the 
copper electrodes employed in the welding of plate tabs and terminals « An 
ineffectual attempt to correct this difficulty was made by using silver 
electrodes o Unfortunately, silver also attacked the cerj.ophane and shorting 
subsequently occurred. The development of techniques whereby nickel electrodes 
could be used for the welding operations eventually solved the problem of pin- , 
hole fomaticsi in the cellophane e . ' 

Since the thin sintared plate rechargeable battery is exceptionally good 
at low temperatures, it is necessary that the separator bo temperature stable 
at temperatures of -UO^ and below. Ihis unfortunately is not the case with 
cellophane in potassium hydroxide electrolyte o Ihe cellophane has been known 
to break up after a single exposure at -U0OF», This is due to a dimensional 
instability in which the- membrane expands in one direction and shzlnks in the 
other, setting up strains which may result in disintegration of the cellofdiane* 

In addition to the low . temperature instability of cellophane, the nylon- 
cellophane combination has other possible disadvantages. Its electrical 
resistance, while not high, nevertheless results in seme depression of discharge 
voltage particularly at high rates and low teiiq)eratureso In addition^ present 
production standards in the manufacture of nylon parachute cloth, are not suf- 
ficiently high for battery use. Considerable variations in characteristics 
occur from lot to lot. 

These factors indicate a need for an improved type separator for the 
nickel<-cadmium battezy.. Various new materials are being studied. These include 
non-woven alpha cellnlose including a regenerated cellulose; treated non-woven 
fabric, principally alpha cellulose types; microporous rubber and synthetics, 
such as Sympori and non-woven synthetic fiber fabrics. One of these materials ^ 
Pellon, a rubberized nylon-cellulose falalc, is presently, showing considerable 
promise as a substitute for the nylon-cellophane canbination separatoro 

The preceding comments refer to the conventional free electrolyte fom 
of nickel-cadmium battery. In the case of sealed cells, the separator problems 
are somewhat different. Since the cell operation is dependent upon the exchange 
of oxygen between the positive and negative plates on charge, an open separator 
l^e is required to permit an unhindered flow of oxygen o A thin open weave 
nylon cloth is generally used for this purpose. Some manufacturers include a 
non-woven absorbent paper separator such as Viskon. 

In conclusion, it is noted that extensive problems exist in connection with 
separators for rechargeable zinc-silver oxide and nickel-cadmium batteries . 
These problems are generally more serious for the zinc-silver oxide batteries 
due to chemical characteristics of the electrodes. Cellophane or modifications- 
of cellophane appear to be the basic material comnon to both systems. The 
disadvantage of cellophane, however, in alkaline electrolyte, indicates a 
definite need for the development of inert, low resistance semi-permeable 
separator materials for use in these batteries o. ISie investigation of such 
materials is continuing, and it is hoped that suitable materials will be forth- 
coming in the not t-oo distant future. 
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FIGURE ii- NIFE ALKAUKE BATTEKI 



cadislam plated* These pockets^ which were perforated with a large 
mmher of mlinite holes and transrersely carragated, contained the 
negative active material* Chenical aaalysie showed the oompositlon 
ot the active material at end of test vas as follows t 



CadmLum 6O*70SS 

Iron 2Zm3ht 
Water of hTdration and 

oxygen trcn ozidea 16*969( 



f • Positive lOates • The positive plates^ figure $, each consisted 
of twenty steel podcets mounted in a steel f rame^ all nickel-plated* 
These pockets^ lUch were perforated with a large mnber of ainate h^s 
and trawversely corrugated, contained the positive active naterlA* 
Chemical analysis showed the coinpositlon of the positive active material 
at end of test was as foUovss 



Nickel kOm6h$ 

Ixon 1*36SS 

Qraiiiite 18 .OO^ 
Water of hydration and 

oxygen from oxides 39i99t 



g* The separators consisted of 0*060 inch diameter ebonite rods 
about 8*5 inches long* A set of five such rods were inserted between 
each pair of adjacent plates of opposite polarity* These separators are 
shown in figure 3 and their positions on the plates are indicated by the 
longitudinal lines on the plates in figure 3* 

h* End Separators - The end separators consisted of 8*5 inch long 
strips of ebonite, 0*020 inch thidfe and 9/I6 inch wide, bent lengthwise to 
form a U<-shaped cross-section. Two end separators were used for each 

h 
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FIGURE 5- NIFE ALKALI^E EATT21I 
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aegatlve plate in the elenent* 

i« Eleinsnt Assembly - The assembly of eleaenb at end of test is 

shown Xn figure 6* 

j. The electaroayte at end of test had a specific gravity of 
1»193 at 80*F and a conposltion as followsi 

Fotassltim QjrdroxLde 21*00^ 

Carbonates as Carbon DlozLde 1*71^ 

The discharge curve at the 5-hour rate of 25 amperes to cut-off of 
S.liS volts and the charge at 30 aiqperes to 8.U0 volts, as shown for cycle 
10, (Figure 7), is characteristic for these batteries of 60 F. The charge 
rate was determined so that the ampere-hour input would be equal to the ampere- 
hour capacity withdrawn on the preceding discharge plus 50 percent overcharge. 

The curves shown in figures 8 throat 12 are voltage vs tLne carves 
for various dlsdiarge rates at teii?)eratares from 80*F to -16*F« The 
effect of tenperatnre on the discharge capacity was as followst 

% of Hated Capacity 



Initial 


1-hr* rate 


3-hr* rate 


5-hr* rate 


d-hr* rate 


lO-hr. 


Temp* 












80*F 


108.5 


95.8 


9li*9 


98.9 


93.5 


1<0*F 


78*0 


87.3 


91.0 


97.0 


9li.9 


0*F 


23.5 


UO.8 


85.0 


71.0 


80*3 


-16»F 


0.0 


0*0 


0*0 


3.0 


U*ii 



The curves In figure 13 show the relationship between cycle and ampere- 
hour capacity at 80^ for the 1-hour and 5-hour rate discharges. The 
discharge capacity fell off very rapidly during the first l58 cycles of 
life evaluaticn. This decline, in discharge capacity, was considerably 
lessened after cycle 159. It should be noted that there was no appreciable 
increase in capacity after electrolyte renewal at cycle 158. The change in 
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FIQORE 6- ELIMaJT KIFK BATTQH 



CES 



CYCLE- 10 
5 -HOUR RATE, 25 AMPS. 
CUT - OFF ' 5.45 VOLTS 



12 



ffl 



ao 



8.0 



7.0 



> 5.0 
u 



4.0 



I 



2 3 4 5 
DISCHARGE - HOURS 

2 3 4 5 
CHARGE - HOURS 



CHARGE 



DISCHARGE 



FIGURE 7 

125-A.H. NIFE ALKALINE STORAGE BATTERY 

DISCHARGE AND SUBSEQUENT CHARGE 
VOLTAGE CHARACTERISTICS 
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LIFE 



AL<AUISiE 



CYSLE 
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specific gravity of electrolyte ranged from l«ldO to 1.163 during the 14 
day stand period* The water coasunption during the various stages of this 
investigation was as follows i 

Cycles 1-50 129 cc/cycle 

Cycles 51-100 80 co/cycle 

Cycles U75-U85 55_cc/cy8le 
The discharges of cjfoles 2475 to U85 were 30% of. rated capacity. 

The curves in figure lii show the relationship between 070 le and the 
ampere hour capacity obtained at the -various tenqpvatures. The capacities 
were measured as a percentage of the aapere-homr capacity obtained at the 
1-hour and 5-hour at 60?P. 

The second groiqp of Nifis nickel cadaium AiimHtiA storage batteries 
evaluated were also five oeU^ six volt pocket -^pe batteiries* Xbia 
evaluAtion vaa started during the latter part of I9b8» The KIML7S&H 
battery was rated, at the 2*hour rate of 87*5 anoperes and the I1-175AH 
battery vaa rated at the ID-hour xate of 17*5 aiqperes* The general 
details of the batteries were as fbUowat 



TA-175AH gD-175to 

Length 22 7/B iifefaes 32^ inches 

Width 6 9A6 inches 6 9/US inches 

HeLi^t IS 1/X6 indies lU X5/l6 incfaaa 

Weight 98 lbs. 157 lb8« 



All other constructional details were similar to the 125 AH batteries 
previously described* 

The KD- 175 AH battery was qyded in accordance with the method 
specified for engine cranking batteiries using l55 amperes for the 1-hour 
discharge to end voltage of 1*09 volts per cell, and 650 anqieres for the 
discharge at zeiro degrees F to 3*00 volts. The TA-175&H battery was 
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cycled at the 2-hour rate of 70 amperes to U»75 volts. 

The Navy requirement for the 6 volt lead acid engine cranking 
battery is that after storage at zero degrees F for 2h hours the 
battery oust be capable of dsUvering 6$0 amperes for a minimuia of 
3 .3 minates to end voltage of 3*00 volts* The results for the dis- 
^ charge of the KD-175^H battery are listed belows 

DiscHuiaE nktk wD-nSka 

Temperature o«c* S wic Qid 



Cyds 


Rate 
anps 


Initial 
•F 


£hd 

•f 


Voltage 
volts 


Voltage 
volts 


Time 
sec 


Voltage 
volts 


y 


650 


0 


U 


7.00 


2*80 


5 


2.80 


51 


650 


0 


6 


6.9h 


3.Ui 


31 


3.00 


52 


650 


0 


5 


6.57 


2.68 


5 


2.68 


301 


650 


-20 


-Hi 


6.9U 


0.00 


0 




103 


650 


0 


7 


7*10 


2.30 


5 


2.30 



At cycle 101 the electrolyte becaae slashy-frozen. Mor to the dis« 
charge at cycle 103 the electrolyte specific gravity was adjusted to 1.210. 

The TA-175AH battery failed to deliver 80% of the 10-hour rate 
cecity at cydas 150^ 160 and 170. According to the Military Speci- 
fication this indicates failure* 

In the last twenty years^ the sintered plate battery has been 
developed* The early vozk on this construction was United to thick 
sintered plates. During World War II a Gexnan concern did considerable 
work on thin sintered plates of high poroslly in order to obtain ^ 
battery having improved hi£^ rate perfomance for starting applications. 
Extensive use of this battery was limited because of a shortage of nickel 
as well as the early failure of the negative plate on cycle service* 

Since World War II considerable interest has existed, hoih here and 
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abroad, in thin plate sintered nickel- cadmixim battery in an at-* to 
deTelop better high rate and low temperature characteristics. Basic- 
ally the sintered plate battery uses nickel oxide as the positiTe active 
material, but it differs froin standard nickel-cadmivm batteries in the 
method of support* The grids for the sintered plate battery are usually 
made of a coarsely woven vire cloth about 20 mesh and may or may not 
have a frame around the vlre« . Ihe grids are usually of nickel or nickel- 
plated Steele Plates are made f»7m nickel powder whicfa is molded into 
shape over the wire grid and then heated at an elevated tenqserature in 
a non* oxidizing atmosphere* OMs results in a plate vhlch has a porosity 
of about 80^ • Active material impregnation into the pores Is^ accooq)lished 
by electrolysis in solutions of nidcel salts for the positive plates and 
cadmium salts for the negative plates* The plates are arranged in groups 
connected by welded group straps and are separated by layers of thin 
synthetic fabric* Positive and negative plate groups are inteimeshed and 
these units az>e placed in individual cell containers usually made of 
high intact alkalle resistant plastic* Batteries made up 'of a number of 
cells are assembled in alkalle resistant steel cases* 

Late in 195U the Material Laboratory undertook to make an esdiaustive 
evaluation on sintered plate nickel oadmlum batteries manufactured by 
the Battery Division of the Sonotone Corporation* The batteries were 
five cell, six volt batteries rated at lOOAH* The evaluation procedure 
as given below^ including modifications requested by the manufacturer for 
his battery, was used to determine the cycling characteilstics both with 
high rate charges and with lower rate charges such as are nomally used 
in life tests of the Navy engine cranking batteries* In this manner the 

two evaluations, the high rate charge and the low rate charge, would 
accumulate cycles at Ihe same rate. 
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Procedure 

Houtine 
Charge 

Open Circuit 
Stand 

Routine 
Discbarge 

Open Circuit 
Stand 

Routine 
Overcharge 

10-hr • rate 
Discbarge 

l-hr» rate 
Discharge 

f^ine Starting 
Rate at 0*F 

(Required 3*3 ndn) 



100^ lOOAH 13QAH 

Sintered Plate Sintered Plate Standard Lead 
Battery Battery Battery 

h2m$ Ainps-3 hrs. 18.2 Anps-? hrs. 16*2 Aji?5S-7 hrs< 



2 hrs. 



0 hrs* 



0 hrs* 



90 Anps-l hr« 90 As^s-l hr« 100 Amps-1 hr« 



2 hr. 

lliO^ 
10 Anps 
90 Amps 
650 Asaps 



0 hrs* 

10 Amps 
90 Anps 
650 Ampa 



0 hrs* 

120$^ 
17 AsqpB 
100 Anps 
650 Aiaps 



For the first 1*6 routine cycles, the batteries that were operated 
at the high rate charge had an end of charge voltage that averaged 
1*63 volts per cell, and a 15 second discharge voltage that averaged 
1*25 volts per cell« The end of discharge voltage at cycle 1 was 
1*16 volts per cell* The end of discharge voltage at cycle 1^8 ranged 
from 0*97 volts to l*lli volts* Voltages at end of charge and the 15 
second discharge voltage were slightly higher for the batteries that 
were operated at the low rate charge* However, end of discharge voltage 
at cycle 1|6 ranged Ax)m 0*70 to l.U volts* 

The data obtained on the capacity discharge cycles for the sintered 
plate batteries are given belows 
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Data on routine cycles * BATTERY NO. 2 



DISCHARGE 



CYCLE RATE TIME 
AMFS HRS 



VOLTS 

STXSF'END 1& sec. END 



NEXT CHARGE 



END TEMP 
RATE TIBiE VSETS STARTTSTD 
AMFS HRS "'^^P °P 



90 



1.0 85 110 



20 



90 



1.0 97 118 



48 



90 



l,e 95 117 











1.64 










1.62 






45 


O.O 


1 . Old 










1 AO 










1 AO 


1.24 


1.16 






1 . 66 


1.24 


1.16 






1.62 


1.24 


1.16 


42.5 


3.0 


1. 65 


1.24 


1.16 






1. 61 


1.24 


1.16 






1.61 


1.26 


1.06 






1. 64 


1.-26 


1.15 






1.66 


1.26 


1.16 


42.5 


3.0 


1.67 


1.26 


1.16 






1.67 


1.27 


1.17 






1.67 


1.26 


0.97 






1.65 


1.27 


1.06 






1.64 


1.27 


1.07 


42.5 


3.0 


1.63 


1.27 


1.07 






1.66 


1.27 


1.14 






1.8C 



83 98 



102 93 



100 106 



104 106 
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DATA ON ROUTINE CYCLES - BATTERY NO. 3 



DISCHARGE 



NEXT CHARGE 



END 



TEMP 



AMPS hSST 



90 



1.0 



20 



90 



0.6 



48 



90 



-0.7 



START 


"END 


lb SEC. 


:end 


RATE 


TIME 


VOLTS 


START 


END 
















up 










45 


3.5 


1.69 
1.69 
1. 65 
1.69 
1.69 


84 


99 


92 


110 


1.32 
1.32 
1.52 
1.32 
1.32 


1.19 
1.19 
1.16 
1.19 
1.19 


18.2 


7,0 


1.66 
1.68 
1.64 
1.68 
1.68 


77 


88 


106 


109 


1.35 
1.34 
1.34 
1.32 
1.33 


1.10 
1.00 
1.00 
0.80 
l.lO 


18.2 


7.0 


1.74 

1.65 
1.59 
1.60 
1.70 


113 


104 


100 


117 


1.34 
1.35 
1.34 
1.33 
1.34 


1.11 
1.11 

0.91 

0.70 
1.11 


18.2 


7.0 


1.76 
1.74 
1.60 
1.60 
1.76 


120 


102 
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Cycle 


Bate 


Cycled at 
High Rate 
Charge 


Cycled at 
Low Rate 
Gtaaree 


U9 


90 


1*0 fars* 


0*7 tars* 


50 


10 


ll'«li hrs« 


7.8 hrs* 


SI 


65tr 


3*36 Bin. 


1*55 nln* 


52* 


10 


tars* 


7*U tars* 


53 


90 


1*1 tars* 


0*8 tars* 


5Jt 


10 


12*0 tars* 


7*9 tars* 


55 


650 




3*72 BdJi* 


56» 


10 


21.5 tars* 


8*5 tars. 



(«afteir lli day stand on open drcoit) 

As predicted by the manufacturer, the batteries ebarged in 7 hoiirs 
were nach inferior to those ctaarged In 3 hours* Ttae difference In per- 
formance vas due to ttae result of charge rates and is cozxoborated biy 
results of older investigations on pocket-type nickel cadmium celXs in 
wfaich the charge rate vas p3?ogresslvely reduced vith proportional 
increase in diarge time* It was found that the capacity after a ctaarge 
diainistaed as the rate of charge diminished* Apparently, the relatively 
large plate area of the sintered plate cell accentuates the effect* 
Ttals effect does not mean that the cell cannot be maintained fully charged 
by a trickle charge* Xt does mean that the cell cannot be diarged from 
the fully discharged condition at a low rate wilhout sacrificing capacity 
on the next discharge • 

Figure 15 shows the sintei^ed plate battery as received i^ile 
Figure 15 is a representative view of all the batteries after 51 cycles 
of operation* The material is a heavy carbonate encrustation* 
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Floure - 15 V>? VTEW OP K>. 1 AND W. 2 SOSOTOHB 
^ BATTERCBS, UFOH EECEEPT 
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Figure - 36 



TOP VIEW CWSg OP OF BD. 2 SOWIDliB 
BiTTERT tflER $1 CICUSS OF 
OPERATIdl 
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During the charge of Cycle 6h one of the batteries operating on 
the lov rate charge developed an internal short drcult* Figures 17, 
2Bf 19 f 20 show Tarlotts view of the damage* Exaolnatlon of ceU 2 
shoiied that on a few of the platqs the separator naterial did not fuUy 
insulate the adjacent positive and negative plates. This nas attributed 
to faulty assembly* Evaluation of the batteries cycling on the high 
rate of charge vas continued. At cycles 101 and at U? the engine 
cranking test vas conducted giving an average of 2*38 minutes for 
cycle 101 and 1«83 nlsutes for cycle 117 • At cycle Igl an average of 
2«2t7 aittutes was obtained for the engine cranking rate* Cycles 153 
and 201 were run after a l605K recharge after the previous discharge as 
against the preceding lliQSS recharges. At (^cles 153 and 201> the hlg^ 
riate of charge batteries operated for ii«l9 and 2.37 ninuteSf respectively. 

The total amount of distilled water consumed during cycling is 
given belovt 

Battery No* 1 Battery No. 3 

and No. 2 and No. U 

Cycles (high rate charge) (low rate charge) 

1-52 7527 cc 11135 

53-108 62iOU cc (Battery No* 3 bailed 

at cycle 6U} 

15U-2QI 5799 cc 

Evaluation was terminated after cycle 201* The Haterial Laboratory is 
now awaiting circuit availability to evaluate. four replaoenent sintered 
plate batteries. 

During October 1951^9 the Haterial Laboratory commenced some pre- 
llraiDaxy investigations on the SAFT sealed sintered plate nickel cadmluM 
system. The active materials of Ihe SAFT system ai« similar to those 
of the non-sealed sintered plate system described previously. The SAFT 
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Figure - 1? END VIET'! CELLS 1 AND 2 OF BATTERY 3 
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Figure - IB END VIEW OF CELLS 1 AND 2, SEPARATED 
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Figure - 19 CLOSE-UP OF CEIL 1 
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Figure - 20 CLOSE-UP OF CELL 2 
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DATA ON CAPACITY DISCHARGE 



BATTERY NO. 1 



BATTERY NO. 2 



TEMP 



VOLTS 



TEMP 



VOLTS 



CYCLE 


RATE 


TIME 


START END 15 SEC 




CYCLE 


RATE 


TIME 


START 


END 
op 


15 SEC 


END 




AMPS 


MIN 


op bp 






AMPS 


dill ' 








101 


650 


2.16 


0 - 4.20 


3.00 


101 


650 


2.58 


0 




4.20 


5.00 


117 


650 


2.08 


0 - 4.19 


3.00 


117 


650 


1.58 


0 




4.00 


3.00 


151 


650 


2.87 


0 - 4.40 


5.00 


151 


650 


2.07 


0 




4.14 


3.00 


153* 


650 


4.50 


0 - 4.50 


5.00 


155« 


650 


5.88 


p . 




4.20 


3.00 


201« 


650 


2*35 


0 - 4.28 


5.00 


201« 


650 


13.00 


0 




4.00 


3.00 


« Discharge 


after 160% recharge after 


a 10- 


hour 


rate dla 


9charge 


• 
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CUBIC CENTIMETERS OP DISTILLED WATER PER CELL 
CONSUMED DURING CYCLING 

BATTERY NO. 1 BATTERY NQ>2 

CELL NO. CELL N0» 



CYCLES 


1 


2 


3 


4 


5 


1 


2 


3 


4 


5 


1- 52 


747 


715 








772 


729 


AHA 






55-108 


660 


695 


593 


673 


597 


660 


635 


626 


659 


706 


109-153 


350 


356 


291 


.308 


316 


376 


371 


331 


331 


382 


154-201 


595 


615 


480 


520 


530 


634 


585 


623 


600 


617 


BATTERY 


NO. 3 


CELL 


NO. 






BATTERY NO. 


4 

^CELL 


NO. 




CYCLES 


1 


2 


"3 


4 


5 


1 


Z 




5 


1-52 


1177 


1151 


1178 


1156 


1127 


1077 


1127 


1085 


1006 


105: 
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cells differ in construction and assembly. The plates are comprised 
of perforated nickel-plated steel strips on which have been sintered a 
porous body of nickel. Active material impregnation into the pores is 
accooq>ll8hed by electrolysis in solutions of nickel salts for the 
positive plates and cadmiiam salts for the negative plates. msrOation 
between positive and negative plates is achieved by a continuous length 
of fabric separator passed successively between the plates* The posi- 
tive and negative plates, after being compressed are fitted without any 
eleax«nce« into the nickel-plated steel case* The cell is hermetically 
sealed with a welded oover and equipped with a reseaUng valve. 

The first SAFT cell evaluated at the Material Laboratory was a 
VO-160 cell. This cell shown in figure 21 was rated by the manufacturer 
at 160 anqperes fop one hour. The cell was received from the manufac- 
turer with a pressure gage attadied. The operating procedure for this 
cell was as follows s 

1 - Dis charge t lO-hour rate at 20 aaqps to 0.9S^ 

2 - ChaiTge : UO aiqps - U«2 hrs. 

10 amps - 8.2 hrs. 
If irtiile on charge at UO amperes the voltage reached l.W volts or the 
pressure $ pounds, the charge rate was reduced to 10 aaqjeres. If while 
on charge at 10 amperes the voltage reached 1.US volts or the pressure 
reached 20 pounds, the charge was terminated* 

During the first five cycles the VO-I6O cell was capable of deliv- 
ing more than 2U0 ampere-hours at 20 amperes (10-hour rate). It was 
also noted that the cell could be cycled without building up excessive 
internal pressure. Pressures at beginning of the five charges, ranged 
from zero to four pounds and at end of the five charges from 10 to 20 
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pounds* Pressures at the beginning of tlje five discharges ranged £rom 
7 to 1^ pounds and at end of the fiye discdiarges from to k pounds* 
At tbe conclu8io8 of the fifth cjcls a gas snaaTsis of a charjse and 
discbarge qrele ¥as made as foUowss 

FolXoving a normal charge of 2$0 aiqjere-hours vhere pressusre vas 
recoxded at lb*5 pounds* a total gas sample of 200 milliliters vas vith- 
dramn trcm the oell with a restatant sere pressure* Analysis of this 
gas hy Tolnme was found to bet 0^35»T%$ H2-Hone^ C02-None| CO-None* 
Before maj further ges tests eonld be made aa eq^valcnt amount^ of air 
had to be put bade into the cell in order to return it to equilibriiau 
It vas also noted that during diseharge and on open circuit stand no 
pressure vas generated, vfalch is indicative that little or no hydrogen 
vas evc^'ved* 

Ihe second SAFT sealed nickel cadmium cell evaluated vas the VO-80* 
This eell vas designed to Met the hie^ rata lev tei^eratnre requireBaH^ 

of engine starting batteries for the Kllitary Specification 
MIL-B-1S072A* 

The program for this cell vas as follovst Tnltlal 6harge at 
30 amperes for 2 hours and at 7 amperes for 7 hou» • The disdiarge at 
room temperature at 6S0 amperes to 0*6 volts lasted for $ mixmtes and 
10 seconds* The open circuit voltage vas 1*36 volts and the S second 
voltage vas 1*05 volts* During this discharge the cell teiqierature ranged 
fron 82*F at the start to 120*F at cut off* The cell vas recharged at 
30 aiqperes for l*ii hours and at 7 amperes for h hour a* The discharge of 
the VO-80 cell at 650 amperes from an ambient temperature of 0*F, after 
2li hours stand on open circuit vhile being cooled at 0*Fj operated for 
2 ndxmtes and 15 seconds to 0*6 volts* The open circuit voltage vas 
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volts and the $ second voltage was 0,80 volts. Tja» results indicate 
the inability at this time of the VO-60 cell to nieet the cold test in- 
quired for Navy standard engine starting batteries. At present, avaiting 
circuit avallabilLty is a SAFT 5 Vp«l60 sealsd battery. 

To date this is the extent of the HatecLal Laboratory investigation 
in the field of nickel cadndum batteries. The Navy is in no opposed 
to the InTestlgatiott of nickel cadniim batteries* However, iflien the ooat 
of these batteries is taken into aooomxt, and their use of critical 
materials, there nust be show very significant advantages to Justify 
tbeir use* SAFT prices, based on duty fjm certificates, for their her* 
netioally sealed batteries aret 

Battery Price in ctuantitiLes (1CK99) 

$ va-80 (6 volts) $26l»77 
10 VO-80 (12 volts) 505.69 
5 70-125 279.V5 
10 70^125 Sl,6.75 
5 VO-160 likS.3h 
Sonotone prices for large quantities, &o commercial specifications aret 
Battery Prices in quantiUes (10-99) 

6V-10QAH $215.00 

12V-100AH iao.oo 

6V-15OAH 300.00 
127-150AH 575.00 
For coirqarison, the standard Navy lead-acid 6 volt, 175AH battery can 
be purchased for about $35.00. It is realized that the true price ratio 
would not be as great if production were equal. The Navy is also aware 
of the danger that laboratory tests may be iniproperly desigied as a 
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basis of evaluatiori for service use. this danger is small for a well 
knom product but is real for a new product. Consequently, the ^vy will 
continue to investigate all deYSlopnents in the nickel cadnluiii £iel4 in 
the attejqpt to obtain a satisf actdty unit that nill comply with Na^. 
requirements. 
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PRBSEfTTED AT TH2 JOINT BATTKRI: CONFERENCE MEETING - 12 SEPTEMBER 1956 
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Bbw DerelopMBnta la Storage Battery Separators 

by Albert Olovmsky 

Batt«zy Ssetion 
Hatexlal UbmUary 
Hev loric Hftval Shlpgnrd 

Ihft study of nevly developed separators in ftOly assemlOed storage 
battery cellU usdsr eyeling ccpdltione Is reoognlMd as an iiqportant 
^lase ia.battevar research end develqpBe^* The separator constitntee 
one ef tbe aost Important parte of a storage battexy and conseqaentay Is 
a detezidning factor in estabOlehlng battery Toltage, capacity and Ufe 
cfaaraeterlsttcs* The prinazy Xtmotion of this separator is to provide 
an i r^'T^^^^ g barrier in order to prevent treeing or metallic conduction 
between plates of opposite polarity^ vfalle peraLtting Aree electrolTte 
diffusion at a very low electrical resistance* 

W17 ef separatora have been used in atorage batteries for 
■llltsry ^jpUeations* So«e of those used are wood, aicroporoas robber 
and plaeticsj fibrous aaterlails impregnated with insoluable resins^ 
regenerated oellolose fUoe with a resin and layers of dlatoaacBoue 
earth with glaea nats used either as retainers or separatore* 

Up to a fOv ^ars ago> wood separators were the aost coBBcoDy used 
in storage batteries* Hovereri where long Ufe requirements demanded 
durability y wood separators were no longer satisfactory aet 
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a* acceptable separator Itmiber vitli iznifcm qualities was 
gradually being ezbausted axxl wae in poor sapply^ also» 
b* tba effect of 1«2S0 to 1*300 specific gra^ty eulf^c 
acid electrolyte in charring and weakening the vood fiber 
for long life baa been definitely established* 
At the present tiae^ tlie alGroporons rubber separator has scneidiat 
siyjplanted the wood separatoPi especially for Military applicationSf and 
has beco» estkblished as a standard* The main reason for this is that 
this separator does not readily beeona spft with use and lose its 
insulatizig Talue and physical strength as does the wood separatcr* 
This being tme, the separator Ufa is longar^ and failures due to soft 
and iieak separators are greatly reduced* This separator has also 
denoostrated that it wually will outlast the life of the batteiy 
plates idth llttl« or no adverse effect on then* 

It is in tins of national emsrgen<7 vhen the sivply of natural 
rubber becomes critical, with the dismand for nlcroporous rubber sepa- 
ratoxs be net and the resultant higber cost, that new research and 
development programs have been encouraged and matay industrial firms 
are presently cazTTing out this woxic* Detailed information is not 
available in the technical literature and the lack of published infor- 
mation does not permit a. valid comparison at this time* It is toward 
this end that the Haterial Laboratory has been investigating various 
newly developed separator materials Jbr utiliaaUon in storage batteries 
for military applications* 

These investigations were conducted with standard Navy portable 
storage batteries of the type shoim in figure 1, utiliaing the various 
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FIGURE 1 
NAVY CLASS 6V-SBMD-I30 A.H. 
NAVY CLASS 6V- SBM-lOO A.H. 
PORTABLE STORAGE BATTERIES 



types of separator materials in evaluating cycle life characteristics 
as foUovss 

a« The Willard Storage Battery Con^Any of California sub- 
mitted aaapl^B of Naify type engine stax&ng lead &cid 
27 plate portable stoirage batteries^ class 6V-SBM]>-13Ql«H*t 
iifaich vere Banofactured in 19^ under contract 
N38>lS58*-kS383 and supplied vitb standard micaxporous 
rubber separators. These batteries are nonnaUy STalnated 
for a minimun of 150 life cycles and usually up to a fall 
alloHanoe of 250 life cydes. Bffww, in this partio- 
ular case this eralaation vas continued until the batteries 
f^led. to deliver the cranking rate of 650 amperes £rom 
a tenperatnre of aero degrees F for 3*3 adnutes to 
3*0 Tolts per battexy« Batteries in this groiq> actually 
averaged 6$h life cycles^ as shovn in figure 2, when 
failing to meet the above condition* Ujpon inspection of 
the elements^ partieolar attention was paid to the micro- 
porous rubber separators* These- separators still appeared 
to be in excellent condition* They vere flexible and nith- 
ottt any indication of etching or charring by the sulfuric 
acid electrolyte or plates after 6SU life <9^cles* Ihese 
separators indicated that they could have been qycled 
maxy more times if the plates in these batteries uere 
designed to deliver the additional electrical energy* 

b* The Ouens-Comlng Fiberglass Corporation submitted in 
1951 saaplAB of their combination glass fiber and 
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FIGURE 2 
CYCLE LIFE CHARACTERISTICS OF 
NAVY CLASS 6V.SBM0-I30 A.H. PORTABLE STORAGE BATTERIES 
WITH MICROPOROUS RUBBER SEPARATORS 
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difttomaceous earth storage battery separators vhlcb they 
dalffied should be satlsfactoxy for use in Navy class 
6v<^6MD-13Q&*H* storage batteries* In order that these 
separators nde^t be evaluated properly^ a control had to 
be established* The Material Laboratory was fumlAhed 
vith six Navy class 6t-66MI>-13QIL*H* storage batteries 
nanufaetared hy The Electric Storage Battery Coopasy 
under the same contaract* Three of these batteries vera 
ftindshed with the standard nlcroporofas rubber separators 
and the other three vith OHens-Coming improTed glass 
fiber and dlatomaceous earth separators* These batteries 
wn then evaloated for ^de life characteristics for 
navy class 6V-SBMD-13Q&*H« engine starting storage 
batteries* Results obtained as shovn in figare 3» indi- 
cated that the batteries idth the glass fiber dUto- 
naoeous earth separators showed satisfactoxy perfoimaaca 
up to 150 life cycles, but at cycle 200 the three 
batteries could only deliver the. cranking rate of 6^0 aa* 
peres from zero degrees F for 3*069 3*12 and 3*12 minutes 
respectively to 3*0 volts, whereas 3*3 minutes is the 
required 1»^»^1MM1- It is to be noted however that the three 
control batteries with the nicroporous rubber separators 
were still delivering 1^*20, li*l8 and 4*17 mLnates respec- 
tively at the 650 aaq>ere cranking rate at cycle 200* 
Upon coiq)letion of cycle 200, examination of the cells 
showed the microporous rubber separators to be in very 



CES 206/16 



FIGURE 3 
CYCLE LIFE CHARACTERISTICS OF 
NAVY CLASS 6V-SBM0-I30 A,H. PORTABLE STORAGE BATTERIES 
WITH OIATOMACEOUS EARTH-GLASS FIBER 
AND MICR0P0R0U8 RUBBER SEPARATORS 
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good condition. On the other hand the glass fiber diato- 
naceous earth separators, while intact, adhered to the 
negatire plate oaterial quite strongly and had to be 
pulled anay. This condition restricted eO^ctrolyte cirea« 
lation and brought about premature sulphatLon of the nega- 
plates. It vas also believed that the Oiiens-Coming 
separator had moderately higher resistance than the 
microporoas rubber separators* 

The Vibradaiq> Corporation of Los Angeles, CalifondA 
developed a storage battery separator known as Vibraglass* 
This separator vas made of flberg^^ vith m. insoluble 
binder. Sufficient sanplss were subnitted in 1951 to the 
Material Laboratory for evaluation. Pour Navy elass 
6V-8BKD-130A.H. portobOje storage batteries of the saae 
aanufaeture and saas age were utilised for tfais pro jeet* 
The nicroporous rubber separators were removed from two of 
the batteries and replaced with the vibraglass separators* 
The other two batteries retained the original. The four 
batteries were then cycled for life characteristics. 
After cycling for 100 life cydes, it was observed that 
at the cranking high rate of disAarge of 650 aB?>eres 
from an initial temperature of aero degrees F to 3»0 
volts per battery, the batteries. *ith the micioporous 
rubber separators performed for an average of l4»91 nija- 
utes, while the batteries with the Vibraglass separators 
performed only for an average of 2.5U minutes as a^nst 
the required rainiimim of 3.3 minutes as shown in fiffire U» 
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FIGURE 4 
CYCLE LIFE CHARACTERISTICS OF 
NAVY CLASS 6V-SBI«D-I30 A.H, PORTABLE STORAGE BATTERIES 
WITH VIBRA0LA8S AND MIC^OPOROUS RUBBER SEPARATORS 
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This was apparently due to the resistance of these separa- 
tors being moderately higher than that of the microporous 
ambber separators* In view of this poor perfanoance 
demonatrated lay the Tibi^gXass separators > cycling was 
discontiimed and the cells were opened for inspection* 
Exaadaation of the eLenents showed that the Vibraglass 
separators had adhered to the negative p3ates like wet 
blotting paper anl the aotire natetlal of the negative 
plate appeared to be in an overexpanded and salphated 
condition* 

The Deiiey and Al»r Cheaical Company of Cambridgej Itossa- 
chosetts, developed the Darak battery separator and re- 
quested approval for these separators for use in the 
27 plate Navy portSLble storage batteries* These sepa- 
rators were of two<-ply flat-back construction and were 
made, of cellulose fibers felted into a porous sheet 
and ispregnated with a synthetic acid resistant resin* 
The two plies were spot bonded together with polystyrene 
resin* Two Navy class 6V-SBMD-13QA.*H* portable storage 
batteries manufactored by the Reading Batteriesj Inc*^ in 
l9Sk vere assembled with these separators* For purposes 
of control and conparisony the evaluation was conducted 
simultaneously with two identical Reading batteries 
assembled with microporous rubber separators. The four 
batteries were then cycled for cycle life charactexistics 
- that isy until each separator group showed that it 
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FIGURE 5 
CYCLE LIFE CHARACTERISTICS OF 
NAVY CLASS 6V-SBM0-I30 A. H. PORTABLE STORAGE BATTERIES 
WITH OARAK ANO M I CROPOROUS RUBBER SEPARATORS 
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could not be disdiarged at the 6$Q ajopere rate from 
aero degrees F for 3»3 minutes to 3*0 Volts per 
battery. The results obtained as sboTjin in figure 5 
indicate that the batt^sries with the Bdcroporous rubber 
separators again showed to advantage. They averaged 
396 life Qydes while the batteries with the Darak sepa- 
rators averaged only 1^ life cycles. Inspection of tiie 
. elements with the Darak separators showed that all the 
separators had adhered to the negative plates and had to 
be pulled away. Upon closer exaaination, it was observed 
that each of the separators had at least 6 pin holes in 
it and was severely etched. These pirholss were suffi- 
cient to establish conduction between plates for short 
circuits to devel<>p which resulted in battery failure. 
It has therefore become evident that a substitute for the nicro- 
porous rubber separator for Navy class 6V-SBMD-130A.H. portable storage 
batteries which will danonstrate good zero degree F performance and 
provide a minimum of 250 Uf e cycles has yet to be developed, as can be 
observed from the composite curves shown in figure 6. 

In another application of battery separators, for Navy portable 
storage batteries, the Chicago Development Ompaay in ^950 under con^ 
tract NObs-l*63l5, developed a veneer type sulphur separator appUcable 
for use in the 17 plate type Navy class 6V-SBM-10QII.H. portable storage 
batteries. The electrical resistance of these separators ranged frca 
0.08S to 0.098 ohms per square inch of surface area, which is nearly 
double that of microporous rubber material. Three Navy class 
6V-SBM-100A.H. storage batteries with veneer type sulphur separators 
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FIGURE 6 
CYCLE LIFE CHARACTERISTICS OF 
NAVY CLASS 6V-SBM0-I30 A.H. PORTABLE STORAGE BATTERIES 
WITH VARIOUS XYPES BATTERY SEPARATORS 
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were Itoiished for evaluation. Batteries of this type are nonaalOy 
evaluated for a niniiinm of 600 Ufe cycles and usxialOy up to a full 
aUoaance of 1200 cycles or unUl the battery fails to deliver at least 
80 percent of rated capacity at the OO^ur rate. Evaluation of these 
batteries indicated that they averaged oaly 180 life cycles prior to 
reaching the 80 percent condition. Cycling was therefore terminated. 
Inspection of the elements showed that primary failure of the batteries 
vas due to deterioration and disintegration of the sulphur separators. 
fHirf-ia^* navy class 6v-SBM-lflOKL.H. storage batterlAS ^ch were manufac- 
tured under contract HUiO-l558-ii6509B and suppaied with standard micro- 
porous rubber separators vers evaluated for the full 1200 life cycles 
and the 10-*hour rate oapaeLty still averaged about 11$ percezxb of 
capacity, as can be observed in figure 7* Bxaminaticn of these cells 
after 1200 life cycles shoved the adcroporoas ruklber separators still 
to be in good condition. These sulphur veneer separators cannot there- 
fore be considered as alternates to aicroporous rubber separators for 
portable battery service. 

The ultimate usefulness of the storage- battery separator for 
military explication is in the submarine main storage battery cell, 
iddch is shoim in figure 8, idiose purpose is to provide the electrical 
poHer necessary for main propulsion of our modem suboaarines idiich are 
ever requiring higher sutanerged speeds and greater submerged endurance. 
For thU severe service, the standard microporous rubber separator has 
so far shown itself to be the only separator vhleh has outlasted the 
useful life of the cell without contributing to its failure. Storage 
battery cells designed for sutaarine main propulsion service are 
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FIGURE 7 
CYCLE LIFE CHARACTERISTICS OF 
NAVY CLASS SV-SBHI-IOO A.H. PORTABLE STORAGE BATTERIES 
WITH SULPHUR VENEER AND MICROPOROUS RUBBER SEPARATORS 
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FIGURE 8 

OUPPY CLASS SUBMARINE MAIN STORAGE BATTERY CELL ^06/16 



required not only to deliver mayiimia power output for a specified size 
and weight of ceU. for naxiiaim cycle life bat also have daring it <7ele 
life a niniiDua level of hydrogen evolatlon which normally results from 
local action daring stand periods on open circuits* 

It is toward this end that seveniL storage battery and separator 
manufacturers have bent their research and derelopnent efforts in order 
to prodace an acceptable sabstltate for microporous rubber separatoora 
for subnarine service* As a result of this woxk* tbe Katerial laborer 
tory has undertaken to investigate these new separator oaterials in 
fm sise QTJPFI 67 plate typ9 subnarine aain storage battery cells 
under sianlated subnaarlne cycle life characteristics as foUowst 

a* The Goulds-National Batteries* Inc« in 1951 subodtted 
three Oould t^ppe TPX-C-67 GOFiT class subnarine main 
storage battexy cells under contract NObs-50339 idddi 
were furnished with standard microporous rubber separa- 
tors* These cells were evaluated under sinulated sutma^ 
rine cycle life conditions* Ibe results of this 
evaluation as shown in figure 9> indicate that the cells 
were capable of being cycled for 680 Uboratoxy cydes 
prior to the ^nd of their useful life, which Is at 
80 percent of rated capacity at the 1-hour or lOijO am- 
pere rate* Xt is to be noted that the average hydrogen 
evolution during the same period in c«c*/lir*/cell/lO0QA*H* 
of lO-hour rating, varied from 2$ c*c* to 110 CtC, vhlch 
is considered normal for an antlmonial lead ceU of tliis 
type* Upon examination of the elemsnty it was found that 
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FIGURE 9 

CYCLE LIFE AND HYDROGEN EVOLUTION CHARACTERISTICS OF 
GOULD TYPE TPX-C-67 OUPPY SUBMARINE MAIN STORAGE BATTERY CELLS 
WITH MICROPOROUS RUBBER SEPARATORS 
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cell failure vas due to oorroded positiTe grids, whUfi 
the aicaroporoas robber separatcors were found to lae in 
T8ry good condiUon and sboiied excellent resistance to 
etdiing and corrosion. T)a±B separator is therefore con- 
sidered to be very siiitable for sutmariiae service • 
The Electric Storage Battery Co*, in 1953 suteitted three 
Ezide type !tttf-67C QUPPT clasa^ 67 plate subnarine main 
storage battery cells under contract N0b8-$5L6l, nhich 
vera furnished vith their plastic "Ponaaz* type nicro- 
poroos separators of polyviaylchloride. Sralwtion of 
these cells under slwlated subnarine service cycle life 
conditions indicatesj as show in figure 10, that these 
cells were only capable of being cyded UOO laboratory 
eydss prior to reaching 80 percent capacity at the 1-hour 
or kikO aa^ere rate. During Hds same period bovever it 
is to bo noted that the hydrogen evolution reaained 
nomal only up to 250 life cycles after which it broke 
away from KX) c.c./hour to 1786.c.c./hour at cycle U50 
with corresponding drop in capacity at the 1-hour rate« 
This unusual behavior nay be attributed possibly to the 
fact that the separators had suf Udently yielded to 
become etched and corroded by the plates and electrolyte 
and in some measure assisted the tremendous increase in 
hydrogen evolution during stand periods on open circuit as 
a result of increased local action. At the same tljoe this 
separator deterioration contribttted to the premature drop 
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FIGURE 10 

CYCLE LIFE AND HYDROGEN EVOLUTION CHARACTERISTICS OF 
EXIOE TYPE MAW-STC GUPPY SUBMARINE MAIN STORAGE BATTERY CELLS 

WITH PORMAX SEPARATORS 
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in capacity at the 1-hour rate causing it to fall away 
very rapidly from cycle 2iO to cycle liOO* Sxamination of 
the elemoits showed that premature failore of these cells 
IAS caused in some measure hy the badly etched and 
corroded separators* Therefore this type of "Pomax?» 
separator cannot be considered as satisfactory for sub- 
marine service* 

The Qould-Itotional Batteries, Inc* in 19$2 suhodtted three 
Gould type TPI-C-67 GUPPI oLass 6? plate submarine main 
storage battery cells under contract K)bs-$5l98f vhich 
were ftoniished with separators made of a combination of 
paper and glass inpregnated with plastic, as manufactured 
by the Dew^ and A2a^ Chemieal Coapaoy* Under simulated 
sulaaxdne serrLoe cycle life ersluatien, it was observed, 
as shown in figure 11, that a high lerel of hydrogen 
evolution of 89 c*c«Aour during open circuit stand was 
apparent at cycle 50 and rose at an increasing rate tr> 
585 c.c*/hour at cycle 27U, at which point cycling was 
terminated and the cells were opened fbr inspection* 
This inspection revealed the plates to be in good condition, 
as is indicated by the fact that the 1-hour rate capacity 
at cycle 276 is still reasonably high at 92*8 percent* 
However, it was found that the separators had been etched 
sufficiently through the top and bottom layers of this 
paper-glass-paper sandwich, but not in the same spots on 
each side to cause short dr cuita at this stage in life* 
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FIGURE II 

CYCLE LIFE AND HYDROGEN EVOLUTION CHARACTERISTICS OF 
GOULD TYPE TPX*C-e7 GUPPY SUBMARINE MAIN STORAGE BATTERY CELLS 
WITH DEWEY AND ALMY CO. -DARAK- SEPARATORS 



120 



lAllOO 

< 



SO 



< 



^ so 

o 



III 
o 

flC 

Q. 40 



20 





















CAPA 


CITY 
























































HYDR 


OOEN y 











































800 



600 



O 



III 
Q. 



O 

o 



400 



200 § 

CM 



SO 100 ISO 200 

LIFE CYCLES 



260 300 



CSS 206/i6 



Apparently sufficient oxidation had resulted in plating 
on to the negative plate so that increased local action 
vas produced resulting in an Increasing high rate of 
lydiogen evolution^ This separator failed in the saae 

as the "Poniax^ sepax«tor sad is likewise nnacceptahle 
for sahnaxine service* 

The Gonld-Hational Batteries, Inc«, in 1952 also sukndtted 
an addLtional three Gould t^pe tIX-C-67 GDPFI class 
67 plate subnarine nain storage battery cells iinder the 
saiae contract, but furnished nith ribbed sheet adcroporous 
Qeon sepasrators . of tin|)lBsti.cised polyvixQrl chloiride as 
manofactured bgr the Hood Rubber Ccmpaxy* These cells al^o 
were evaluated under a aLmalated submarine service cycle 
life vLth the foUoidng results* As shown in f igare 12, 
this separator could be considered acceptable in that a 
low level of hydrogen evolution vas aaintained during 
life, averaging 32 c^c*/hovr at cycle hi to only 
1^5 c,c«/hour at cycle 270, which indicates little or no 
oxidation or etching of the separator* It is to be 
noted, however, that during this saae period, Ihe capacity 
at the l-phour rate dlMnished quite rapidly so that the 
cell failed to deliver 80 percent of capacity at cycle 265. 
l^on examination of the elenents, it was observed that the 
plates and separators were in good condition but that on 
the positive side of eadi separator were large se^nts of 
negative active material. This was sufficient to cause 
the cells to fail prematurely. This condition had appar^ 
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FIGURE 12 

CYCLE LIFE AND HYDROGEN EVOLUTION CHARACTERISTICS OF 
GOULD TYPE TPX-C-67 GUPPY SUBMARINE MAIN STORAGE BATTERY CELLS 
WITH HOOD RUBBER GO. -GEON- SEPARATORS 
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ently been brcmgbt about by the nonunifomity of the 
porosity of the separatoara in that there existed through- 
out each separator a sprinkling of large enough pores to 
parsdt treeing or conduction throu^i the separators to 
foxn short circultB. These ultimately caused prenature 
failar© of these cells. These separators therefore proved 
to he unaoceptable for snbnarine service* 
As a result of this imestigation undertaken by the Material Iabor«p- 
tory to evaluate yarious hewly developed storage battery separator 
vatezi^s^ it has been detendaed a]q>eriMBnt3y that for portable storage 
batteries as well as the more crittc*! service of sutearine naln storage 
battery cells, the ndcw^orotts robber separator has been foond to be 
the only acceptable battery separator for hig^i o^cLlgr and long mili- 
tary service llfe« 

A great deal of research and dswlopmait work has been done on 
separators made of materials «hicb.are currently considered the most 
promising substitutes for rubber, Hosever if an acceptable battery 
separator for military service is to be developed as an alternate for 
mieroporous rubber, a great deal more woric has yet to be accomplished. 
These new materials should show characteristics which will not limit 
cycle life, wiU have a coii9>aratively low electrical resistance in 
order to provide mMdnua c^adly at high discharge rates and stiXL 
have hi^ resistance to electrolyte corrosion in order to matotalu a 
low level of l^drogen evolution during stand periods on open circuit. 

The need of such an alteiaate will become especially urg«at in 
view of the critical status of natural rubber for portable battery 
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and suWLne main storage battery nlcroporaus separators during 
Q(mergencie8« 
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PRESiSNTfiD AT THa JOINT BATTERY CONFERiiNCE MEETING - 12 S£PT£MBER 1956 
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I. Introduction 

A. The cell discussed herein is a nickel -cadmium alkaline electro- 
lyte cell which is sealed against loss of electrolyte and may be used In 
any position. It Is not truly hermetically sedLed as will be evident In 
later paragraphs. This cell is a Belgian development and the American 
licensee is the Gould-National Batteries, Inc. Depew, New York, 

B. Description of Construction (D-Slze Cell) 

Yi — !the positive active material is composed of nickel oxide 
powder whih is compressed into pellets. The pellets are stacked about 
eight high and are enclosed in a tube of very fine mesh nickel wire 
screen. Nylon cloth Is then wrapped around the tube for separation. 

2, The negative active material Is composed of cadmium oxide 
powder which is compressed into strips which are the length of the 
positive pellet stack. The width of these strips is about one third the 
circumference of the nylon-wrapped positive stack. The strips are 
curved slightly across their width so that three of them fit closely 

in a circle around the positive stack. 

3. The assembled positive stack, separator and negative strips 
are then enclosed in another tube of fine mesh nickel wire screen so 
that the dimensions of the resulting assembly are about 0,5 Inch 
diameter by 2 inches long. Pour of these assemblies are connected 

In parallel to make a D-slze cell. 

C. Principle of Operation Permitting "Hermetical" Seal 
After a battery has been on charge until it is comple te ly 

charged, continued charging results in electrolysis of water with 
consequent generation of hydrogen and oxygen gas. This fact has made 
it difficult to make a truly hermetically sealed battery. The Hermetac 
battery Is not hermetically sealed since gas may be measured as it 
evolves during charge, discharge and Idle stand. The gas evolution 
during overcharging of the Hermetac cell Is minimal, however, due to 
purposeful use of excess negative active material. As a result of the 
excess negative material (cadmium), the nickel oxide positive becomes 
filly charged before the negative does. Oxygen is then evolved at the 
positive and migrates to the negative, oxidizing an equivalent amount 
of reduced (charged) cadmlxom. Thus, If the charging rate does not 
exceed the rate at which oxygen can diffuse from the positive to the 
negative, the cadmium is never charged completely enough to permit 
evolution of hydrogen. 

D. Sizes Available 

Sizes are available equivalent to ASA dry cell sizes #6, P, D 
and AA as well as two minature button cell sizes having volumes of 
0.386 and 0.172 cubic inches. Physical characteristics of these cells 
are given in the table below: 
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Cell Size 



Diameter 
inches 



F 
D 
AA 

18b (but ton) 
12B(button) 



1,22 

0.55 
0.71 



Height 
Inches 

2.36 

1.97 

0.983 
0.983 



Volume 
cu.in. 
4.34 
2.7^ 
0.47 
0.386 
0.172 



Weight 

pounds 

5.441 

0.308 

0.0661 

0.0055 

0.00187 



Density 
#/cu.ln 
"^7^ — 
0,113 
0.141 
0.0143 
0.0109 



The 

1. 

2. 



5. 

6. 
7. 
8. 

9. 



claims made for this cell by the licensee are as follows: 
Does not release gas during charge. 
Does not require watering. 
Does not aplll electrolyte. 
Has excellent power output. 

Has excellent stand characteristics; retains 50^ of 
capacity during oneyears stand. 

Has good life; IOO-500 cycles, depending on type of service. 

May be put on float charge at 1.35 volts. ^ 

Life on overcharge at rated charge current and voltage 

la over oneyear. 

Good performance at low temperatures. 



II. Test s Performed . ^ , . . 

Twenty -eight D-size, twenty -five F-slze and five 15-cell button- 
cell batteries were provided to the Bureau of Ships for evaluation 
tests. The D and P-aize cells were tested by the National Bureau of 
Standards. The button-cell stacks are to be tested at the New York 
Naval Shipyard Material Laboratory. 

The tests at the Bureau of Standards were designed to determine the 
effects of temperature, charged stand, loading and float charge on 
capacity and cycle life, as well as the effect of cycling on capacity. 
The discussion below Is based on tests of the D-slze cells, 

III. Discussion of Characteristics. 

Rating V3. Initial Capacities ^.u c 

T he Hermeta c iS-cell is rated at 2.5 ampere-hours at the 5 
hour rate. The capacity of cells tested on the 4 ohm and 2.25 ohm 
continuous test ranged from 2.2 to 2.75 ampere-hours during the first 
few cycles of life. The average of these capacities was 2.45 ampere- 
hours . • 

B. Load vs Capacity . 

I Figure 1 shows the hours of oontinuous service to an end 

voltage of '0.9 volts obtained from the test samples when discharged 
through 2,25, 4, 16, 64 and 256 ohm loads. The formula which fits 
this curve is: 

t= 2.18R 

where, t= hours to 0.9V, continuous discharge. 
R= constant resistance load in ohms. 
For comparison, the curve for Leclanche D-cells made with natural ore is 
also shown. The two curves cross in the vicinity of 13 ohms. Below 
13 ohms, the nickel -cadmium dry cell is superior to the Leclanche and 
above 13 ohms the reverse is true. At 13 ohms the watt-hour output of 
the Hermetac cell is 125^ greater, than the Leclanche cell. 
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2 Figure 2 showa the effect of load on ampere-hour capacity 
to 0.9 voits. It can be seen that dropping ^he resistance by a 
factor of ek reduces the ampere-hour output by 5.o^. A . 
deaeaae In ohmlc load on Leclanche cells (from 250 ohms to 5 ohms) 
decreases the ampere-hour output* by 80^, 

3. Figure 3 shows some sample voltage versus time curves for 
discharges at various loads at 21^0 (69.8OF). 

1». Figure M shows the effect of dlaharge ^^^istance on energy 
output at 210C^69.80F). Decreasing the ^^^J^^ance load by a factor of 
61* times deceases the energy output per pound f^om 11.3 to ^?-^' °^ianche 
11 5* The corresponding decrease In resistance load on D-size Leciancne 
ieiirma^ wUh Kai ore decreases the 

38 to 5.i\ or 86^. However, the output of the Leclanche ^^^^ ^i^.^^P®'^^^' 
to the Hermeta7iell at resistance loads above about IM ohms/cell. 

C Effect of Temperature o n Characteristics , . 

1 WWe b is a plot of the data obtai ned by discharging test 

cells through S ohms to 0.9V at various ^f^'P^^f JJf^^-. J°[cQ6?''^taMe 
the data of National Bureau of Standards Letter Circular ^09^5, table 
le! also are plotted. These latter data are from P cells discharged 
through 83-1/3 ohms/cell, which is a considerably lighter drain than 
that of the tests. 

Below 20 P, the curve for the Hermetac cell is very steep, 
lending some doubt to Interpolated values; however the points are 
each the average of two rather close test values. In the range 
QOp to 50^F, the Hermetac cell is considerably fY^f^^^S 
for the F-size Leclanche cell, being able to deliver 78^ of Its 70 P 
capacity at 20°P compared to kQ^ for the P-cell. If ^^^.^^^^P.^J^i^^^^^ 
the F-cell were comparable, the difference would be considerably larger. 

2, The effect of temperature on the ability to accept charge 
was studied at 32°F, TO^F and II30F. The data ^^^^^"^^Jf^^^^^^^^f 
to base quantitative statements on. It may ^^^^^^^^^^S^^iJ^^^^^^^k 
however, that for equal charge voltages-, ^^^^^^arge current at 113^^ 
appears to be about double that at 70°? and three 
at 3^>0P for the first portion of the charge. The table below gives 
an example at the end of 6 to 6-1/3 hours of charge. 

CELL A CELL B 

^Op Volts Amps Volts Amps 

35 1.50 0.18 1.52 0.24 

70 1.50 0.39 . 1.50 0.^2 

113 l..il8 0.76 1.48 0.73 

The cells in the above table had been subjected to a minimum of 8 A cycles 
^en the da?a were obtained. The maximum values recommended by the 
manufacturer fir charge voltage and charge current are 1.50 volts and 
S:50 amperes. The excessive charge rate at 113°F did not result in 
sufficient gas formation to explode the cells. 
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After subjection to charge at> these temperatures, cycling 
was continued at 70op. No effect was noticed on ampere-hour capacities 
in subsequent cycles as a result of charging at the various temper- 
atures , 

D. Charged Stand Characteristics (Shelf -life) 

Yl — Figure b is a plot of the data obtained by discharging three 
cells after various periods of charged stand at 21°C (69.8°F). The data 
from the three cells are plotted . separately since they appear to be 
affected by an additional variable, i.e., cycle age. Cell #1 exhibited 
very poor shelf -life relative to the other two cells, however it 
had been cycled at least thirty more times than either of the other 
two cells at the time of the 30 to 37 day stand tests. Cell #i| had 
poorer shelf -life than cell #11 and it also had been cycled more than 
cell #11. Further testing is required to determine whether cycle life 
significantly Interacts with capacity after charged stand. 

2. It appears safe to state however, that cells which have 
been cycled less than 110 times will retain at least 70^ of their 
ampere-hour capacity after charged stand for I80 days at 21°C (69,8°P). 
(Capacity retention la based on the percent of capacity obtained on 
cycles immediately prior to the stand test* 

An equivalent loss is experienced In one week If the storage temperature 
Is raised to 113°P. 

E. Cycle-ability and effect of cycling on capacity . 

TI An obvious advantage of the Hermetac cell over the Leolanche 
cell is its ability to be recharged after use. This advantage applies 
equally to any storage battery. In order to test this ability, cells 
were cycled individually and as a batterv. The load was 4 ohms per 
cell for three of the individual cells, 4 ohms per cell for the five 
cell battery and 2,25 ohms per cell for three other cells. The end 
voltage was 0,9 volts per cell. The discharge temperature was 21°C 
(69.8°F). The end of life was considered to be the cycle when the 
cells gave less than 50^ of the ampere-hour capacity obtained on the 
discharge after the first charge. The table below gives cycle life 
for the cells tested under this schedule. .Where end of life has not 
been reached, the percent initial capacity and latest cycle are 
recorded. Figure 7 shows a plot of capacity versus cycle-life for the 
five cell battery. 
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CELL CYCLES LATEST DATA DISCHARGE LOAD 

No. TO 50^ OHMS/CELL 

INIT,A-H 







a 




ISU 


M 
it 


cycle 


112 


cycle 


52 




cycle 




1* 


cycle 


114 


ii 


cycle 


111 




cycle 


195 


it 

2.25 






2.25 


cycle 


202 


2.25 



5-cell bat, 302 

1 — ■ 1255S 

i| — 70^ 

5 — 59^ 

11 — 105^ 

15 89.4^ 

16 — 61. 5$^ 
-27 190 

28 — 52^ 

29 171 

30 141 

31 118 • 

32 - 54.4^ 

2 One Interesting feature of the above table is the signi- 
ficant difference between the long cycle life of the 5 ^ell^^jj^^^^ 
and the shorter cycle life of the individual cells. Part of the 
difference is accounted for by the performance of one of the ceiis 
which after 350 cycles In the battery and four more cycles by Itself 
still gave 66^ of the original battery capacity. The capacity of the 
other four cells at that time ranged from 35^ to 44?5 of original 

battery capacity (2.74 AH). ^ *c*.4^r. 00 

This explanation, however, leads to another question as 
to the reason why the one cell did so much better than all the others. 
It is conceivable that the reason for this behavior is that this one 
cell- had a higher capacity than the others initially. Even at the end 
of battery life, this cell's test-end voltage was 1.13 to I.15 volts 
when the battery test -end voltage averaged 0.9 volt/cell, "^^hus, 
this cell was never as completely discharged as any of the others, 
the implication being that cycle-life is increased when the discharges 
are not carried to low voltages. Substance is lent to this proposal 
by the data on theBA-30 tests described in the next section. 

Except for cell #32 in the above table, there appears to 
be an Interaction between discharge load- and cycle life. Cells 30 
to 32 were cycled through 2.25 ohm loads, while all other cells were 
through 4 ohms. Of these three cells, cells #30 and 31 gave signi- 
ficantly lower cycle life than all others except possibly cell #5. 
Further testing is required to determine whether this is a real effect. 

3 Five cells were put on test according to the discharge 
routine for BA-30'3 in MIL-B-I8B, the military dry battery specification. 
At the end of each five day week, the cells were allowed to stand 
hours, were then charged for 24 hours and let stand for 30 hours prior 
to the next 5 day routine. On this basis, one cellhas been cycled 

7? weeksltwo cells 72 weeks and two other cells 81 weeks average 
discharge voltage during this time has been about 1.24 volts and the 
weekly ampere-hour output about 1.25 AH. None of the cells has 
exhibited any decrease In average vitage or weekly output during this 
time which exceeds 2^, as long as full charges are administered at. 
the end of every five day routine. At cycle 8I, the five cell battery 
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had lost at least IQ^ oi its original capacity. Although the weekly 
cycling only withdrew about 50?^ of the cells' capacity per discharge, 
it is significant *:hat even after more than 18 months of weekly 
cycling the characteristics are only slightly different than they 
were originally . ^ 

To equal 81 weeks of use, the required number of BA-30»s 
averaging 17 days life would be 24. 

P. Ability to Remain on Float Charge for Long Times . 
TT Three cells were tested to determine ability of 
Hermetac cells to remain on float charge. The test was conducted as 
follows. The cells were cycled a few tknea prior to being put on float 
charge to determine their separate average capacities. They were then 
put on float for three months and discharged at the end of this time 
to determine capacity after floating. This procedure was then repeated. 
The data obtained are given in the table below. 

Cell No. 
2l\ 55 26 



Av. Capacity before Ist Float Chge.-AH* 2TH0 27^8 27^5 

AH Input during 1st Float Chge. 65.^0 33.20 213.20** 

AH Output after Ist Float Chge. 2.89 2.80 2.95 

Av. Capacity after Ist Float Chge.-AH*** 2.3^ 2.30 

AH Input during 2nd Float Chge. 63.0 63.0 30.3 

AH Output after 2nd Float Chge. 2.58 2.51 2.71 

Av. Capacity after 2nd Float Chge.-AH**»* 2.13 2.06 2.38 

* Av. Of 5 cycles 

*♦ Thla cell discharged after 2 mos. to determine effect of excessive 

overcharge. 
*♦♦ Av. of ^ cycles, 
**** Av. of 9 cycles. 

2. The tests from which the above table was derived are 
not completed. The reason for the odd behavior of cell #26 has not 
been determined. The effect of this test on subsequent cycle life has 
not been determined. 

It is noted, however, that in the discharge Immediately 
following each float charge, capacities are obtained which are signi- 
ficantly higher than the average capacities on routine cycles run before 
or after the float charge. AJso to be noted is the fact that the 
average capacities on routine cycles are lower after each trickle charge. 
In the eight and ninth routine cycles after the second float charge, 
the capacities obtained were 105^ to 155^ higher than those obtained on 
the first routine cycle after the second float charge. That is, the 
capacities appeared to be building up. It appears as though float 
charge maintains capacity as fAr as the immediately subsequent discharge 
is concerned, but that capacities on subsequent cycles are adversely 
affected. The reason for this behavior has not been determlnciS* 

G. Gassing Characteristics 

IT Three cells, having cycle life ages of 113* 116 and 

121 cycles respectively, were tested to determine their rates of gas 
evolution at C (II30F). Gas volumes were calculated as equivalent 
volumes at standard temperature and pressure. 
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2. Gas evolution was measured during charge, discharge, 
charged stand and discharged stand. In no case did the gassing rate 
attain a value as high as 1 ml/day. Gassing during discharge was 

,25 mi/day or less. The charge rates were varied from 0,02 ampere 
to 0,35 ampere. Gassing rates at normal temperatures would be 
even less. 

3, In view of the above, it can be said that the cell is 
not truly hermetically sealed, but that the amount of gaa which escape? 
from the cell is trivial under normal service conditions. 

TV. Cone lua ions 

Prom the information described by and given in the discussion above, 
the following conclusions may be^ made. 

A. The capacity of Hermetac nickel-cadmium rechargeable dry cells 
is superior to ordinary dry cells at the 20-hour rate and higher . 

current drains. This applies to relatively young Hermetac cells and 
fresh, natural-ore dry cells. 

B. Although at drains below 100 milllamps the Hermetac cell does 
not give the energy output obtainable from Leclanche oils, the Hermetac 
•cell ampere-hour and watt-hour output is considerably less affected by 
higher current drains up to about 500 milllamps. 

C. A minimum of 50^ of original ampere-hour capacity is generally' 
available from D-size cells after a raimimum of 120 cycles and a 
maximum of about 200 cycles. The averaging effect of combining cells 
into batteries may extend these figures up to 300 cycles to 50^ of 
original capacity, 

D. 7OJ6 of the initial capacity of Hermetac cells is still obtain- 
able after 6 months of storage at 210C. This applies to cells which 
have been cycled less than 110 cycles. 

E. The output of Hermetac cells is affected by temperature. No 
capacity is obtainable at -IQOp and below.- From about QOP on up to 
700p, the Hermetac cell is able to deliver a higher percentage of its 
7OOF capacity than is the Leclanche cell. 

P. Although the Hermetac D-size cell is not truly hermetically 
sealed, the rate at which it evolves gas Is less than one milliliter 
per day under normal use conditions j whether being charged, discharged 
or standing idle in the charcred or discharged condition. Gas evolution 
is even less while the cell is being discharged, approaching zero gas 
evolution. 

G. The following is a partial list of factors which have not been 
studied sufficiently to make firm quantitative statements regarding them: 

1. The effect of temperature on charging characteristics. 

2. The effect of float charging on cycle-life. " , 

3. The effect of cycle-life on charged stand characteristics \ 
(shelf-life). 
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4. The effect of current drain on capacity at temperatures 
lower than JO^F. 

5, The effect of current drain on cycle-life. 
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206/16 LOW-RATE SILVER OXIDE-ZINC SECONDARY BATTERIES 

\ Guy W. Work 
Naval Research Laboratory 

INTRODUCTION 

The theoretical possibilities of the silver oxide-zinc couple 
have been recognized lor many years but early attempts to buUd 
a secondary battery satisfactory for wide applications had resulted 
only in a limited life cell. The unusual electrochemical character- 
istics of each half of this combination account for both the apparent 
advantages and some of the problems which arise. For exanaple, 
the ability of the silver oxide plate to give two faradays of elec- 
tricity per gram atom of silver plus the low electrochemical 
equivalent and relatively high emf of the zinc plate suggest a cell 
of high capacity as compared to the weight amd volume. Cycle 
life was limited, on the other hand, by the ease with which silver 
oxide was reduced by small amounts of organic matter and also 
by conditions arising because of the solubility of zinc in the 
electrolyte. In the latter case, the tendency of. the zinc to tre0 
and eventually short through the separators or to fail to repr^ 
cipitate on the electrode during charge have been basic problems. 

A preliminary study at the Naval Research Laboratory of 
some of the current production of silver oxide -zinc secondary 
cells indicates that much progress has been made during the last 
ten years. The cycle life has been markedly increased and as a 
better understanding of the mechanism of the cell is gained, addi- 
tional progress may be expected. A wide range of sizes and types 
are now available commercially and are being used in varied ap- 
plications particularly where size and weight are important. 

DESCRIPTION 

The NRL investigation included only the low -rate type of 
cells designed particularly for long-life and possible float opera- 
tion. In addition to these two major considerations, several 
other characteristics were also studied where time and facilities 
permitted. In general, groups of four or five cells were worked 
as a unit. The uniformity of cells is of utmost importance, how- 
ever, so individual cell potentials were recorded at all times in 
addition to battery voltage and current. In some instances, 
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individual plate potential, gas evolution, and temperature 
measurements were also made on single cells. All the 
charges and discharges were run at constant current and 
were cutoff on voltage. 

A total of 38 cells representing five or six models 
developed by two different manufacturers were available for 
study. Table 1 gives a partial description of these cells. 

The majority of the cells spent most of the period on 
one of two routines which may be broadly classified as a 
48-hour cycle or a 30-day float cycle. In the 48-hour cycle, 
a four -cell battery was discharged at 10 amperes to 5.0 
volts (MC-80, MC-lOO, BB-402) or 5.6 volts (BB-405), imnie- 
diately recharged at 4 amperes to 8.3 volts (MC-80, MC- 100) 
or at 6 amperes to 8.6 volts (BB-402, BB-405), and then let 
stand on open circuit the remainder of 48 hours. The two 
five -cell batteries on the float routine alternated between 
normal cycles and float cycles in which the fully charged 
battery was floated at a constant battery potential of 9.9 
volts for 30 days before discharge. These routines were 
interrupted occasionally t6 determine other characteristics 
that would help to explain the mechanism of this cell and the 
optimum conditions for its operation. 

CHARACTERISTICS 

Engineering 

The charge curve of a silver oxide -zinc cell (Fig. 1) is 
characterized by three nearly constant potential levels: one 
at 1.60 to 1.65 volts, one at 1.90 to 1.95 volts, and a third at 
2.2 to 2.3 volts (not shown). The potential changes are sharp 
when they do occur. Although the change in positive -plate 
potential is responsible for the ceil potential rise to the second 
level, the plate reaching the gassing level first depends on the 
balance of active materials in the particular cell or model being 
observed. Little gas is evolved imtil the end of the charge as 
normally operated so that a 98 percent ampere-hour charging 
efficiency is not uncommon. 

The characteristic discharge potential generally includes 
a higher potential portion the first part of the discharge followed 
by a considerably longer constant potential portion with a sharp 
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break at the end of the useful discharge (Fig. 2). As was 
found during charge, the principal cell potential change 
during discharge reflects a positive -plate potential change. 
Several factors influence the shape and length of this first 
part of the discharge curve. The potential changes in both 
plates often contribute to the break in potential at the end 
of the discharge, depending again on the particular cell 
being studied. 

The average cell voltage during a 5 -hour rate discharge 
is about 1.5 volts and that during a 48-hour rate discharge 
about 1.6 volts (Fig. 3). The power output is shown for three 
batteries in Fig. 4. Similar data on lead acid, nickel iron, 
and nickel cadmium batteries taken from values reported by 
their manufacturers in the yournal of the Electrochemical 
Society , 99, 1952, are included showing watts per pound in 
part of Fig. 4. Therefore, it would appear that the silver 
oxide -zinc batteries were 4 to 6 times better than the other 
well known batteries on the basis of watts per pound. 

Life 

The useful life of a silver oxide -zinc battery is termin- 
ated in two general ways. One of these, the gradual, almost 
linear loss of capacity with cycling, is illustrated in a form of 
cycle log in Fig. 5. In other cells, this gradual loss was 
suddenly aggravated by the development of an internal short 
circuit as occurred in some cells of the battery capacity plot 
in Fig. 6. In the latter case, when a cell which had lasted only 
15 cycles was opened, it showed a direct growth between two 
plates near the center of the cell and other places in the sepa- 
rators which indicated advanced breakdown. A cell of a differ- 
ent model battery developed an internal short due to mechanical 
puncturing of the separator by an imperfect grid. Of course, 
when a four -cell battery is on the flat part of the discharge 
curve and one cell fails, it quickly reduces the battery voltage 
to below the normal battery voltage cutoff. Deep discharges 
or even short periods of reversal did not appear to cause 
permanent damage for one cell discharged to an average voltage 
of 0.72 volt during its lifetime as compared to 1.43 volts for the 
other three cells of that battery but did not appear to be failing 
any faster at the end than the other three cells. 
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Batteries that spent most of the time floating also 
showed the effect of gradual capacity loss with cycling 
(Figs, 7 and 8); however, the loss was. spread over a longer 
period of time. Discharges following floats were longer 
than those following normal <?harges, but the rate of loss 
was about the same. 

Discharge 

Some of the batteries were received dry -charged. The 
initial discharge of such a battery (Fig, 9) was as long as that 
of the typical normal discharge shown in Fig. 2 but it differed 
somewhat in potential. Little of the higher potential part of 
the discharge curve was present in the dry -charged cell arid 
there was considerably more gas evolution than normally found 
during discharge. There had also been rapid gas evolution at 
the time the electrolyte was first added to the dry -charged cell 
but it tapered off during the soaking period (Fig. 10). 

The effect of discharge rate on cell capacity and potential 
is shown for one cell in the family of curves in Fig. 11. These 
cells are not particularly designed for high rate work and the 
performance would vary slightly from one model of battery to 
another in this respect. However, the curves in Fig. 11 may 
be considered average for the batteries studied. 

Changes in the general shape of discharge curves with 
cycling may be seen in Fig. 12. In the cell illustrated, the 
capacity loss appeared more at the lower potential part of the 
discharge curve but this was not the case with cells of another 
manufacturer and may not be significant. 

In most cases, the particular cell of a battery which 
limited the battery capacity as a whole changed from time to 
time. This observation along with the other unexplained varia- 
tions from cycle to cycle point up the need for additional infor- 
mation and understanding of the charge mechanism for this 
appears to be the key to the problem of maintaining capacity. 

Charge 

Since the performance of the silver oxide -zinc battery is 
considerably dependent on its charge acceptance, it is not sur- 
prising that low -rate charges are more effective than higher 
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rate ones. Normal charges usually take from 15 to 25 hours 
and thus, by most standards, would be considered low -rate 
charges. The two families of curves in Fig. 13 show not only 
the effect of charge rate on potential and charge length but 
also the effect on the potently and length of the subsequent 
discharge. 

The effect of a partial charge on the potential of the 
subsequent discharge is of some theoretical interest (Fig. 14). 
Charging at the higher potential level appears to be necessary 
to form any of the higher oxide which shows up as the higher 
potential during the first part of a discharge. 

The effect of cycling on charge potential and charge 
length may be seen in representative charge curves taken 
throughout the life of one cell in Fig. 15, 

Float 

The observation of this type of battery under float con- 
ditions is still in progress. The New York Naval Material 
Laboratory made a limited study some years ago on the 
potential necessary to maintain this type battery. The two 
five -cell batteries at NRL have been floated only at 9.90 volts 
per battery, but it was soon discovered that this did not nec- 
essarily mean that each cell was being held at 1.98 volts. In 
fact, cell potentials varied spontaneously and frequently from 
about 1.9 to 2.2 volts as may be seen in a typical float in Fig. 
16. Even in these curves many of the smaller variations have 
been averaged out. Figure 17 shows. the potential of a some- 
what less erratic cell along with the gas evolution and battery 
float current. These data indicate that at the higher potential, 
relatively little of the charging current is going into the charg- 
ing of the silver oxide plate as compared to when the potential 
is low. On the other hand, little of the current is being dissi- 
pated as g^s evolution at the zinc plate. A much more enlight- 
ening picture of this and other aspects of cell characteristics 
could be had if this work had beisn done with a single cell 
rather than in connection with a battery. 

Whether one cell of a battery floats at a fairly high 
potential or at a low one does not necessarily determine the 
capacity the cell will give when it is discharged following the 
float. In every case a discharge following a float was longer 
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than one following a normal charge, but this added capacity 
can also be put in by means of a low -rate charge and its poten- 
tial would show the same type of variations towards the end of 
the charge as it would during float, 

V 

In general, the current necessary to maintain the float 
potential increased with successive float cycles, as shown in 
Figs. 7 and 8, and corresponded to a downward trend in the 
amount of charge which it is possible to get into the battery 
during a normal charge. 

Stand 

Discharges following short stands often show no measur- 
able capacity loss as illustrated in Fig. 18, The first part of 
the discharge potential curve, however, indicates that some of 
the higher potential part of the curve is lost without affecting 
the total capacity available. With longer stands (Fig, 19), there 
is a definite capacity loss in addition to a potential change. The 
capacity loss from stand varied from cycle to cycle and from 
battery to battery but one battery indicated the loss, was on the 
order of 1 to 3 percent in 14 days; the average loss of several 
30 -day stands on all the batteries was about 10 percent and the 
loss on a single battery in 150 days was about 14 percent. 

Temperature 

All of the work thus far, with but one exception, has been 
done with the cells in a controlled ambient temperature of 80^. 
A thermocouple in the electrolyte just above the plates showed 
a temperature rise of about 20° F during a normal rate discharge 
and about 70 °F during a four -normal rate discharge (Fig. 20), 
but much less heat is evolved during most of a charge. While 
these values are somewhat representative, temperature rise 
depends on several factors and varied somewhat from one model 
to another. 

A rather specialized high-rate interrupted discharge at 
80**, 32**, and 0**F is shown in Fig. 21. The voltage minimum 
and recovery in the first one -hour discharge, cycle 4, is inter- 
esting and probably indicates that the reversal warmed the 
battery sufficiently to operate the cell as though at a higher 
temperature where more capacity is available. 
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Electrolyte Level 

The electrolyte level, when observed through the cell 
case, changes markedly during a cycle of a silver oxide -zinc 
cell. The type of construction necessary to produce a workable 
secondary cell apparently requires a multilayer wrapping of 
one or the other set of plates. This wrapping by its very nature 
and intent limits the transfer of electrolyte by diffusion. During 
charge, however, some force such as electroosmosis tends to 
move the electrolyte away from the silver plate thereby raising 
the apparent electrolyte level in the cell if the silver plates are 
the ones that are wrapped. During discharge the reverse action 
is true. In such a cell, the potential during charge may rise 
prematurely to the gassing potential and end the charge if the 
silver plate becomes partially dry. In one cell under study, 
provision was made for manually moving the electrolyte from 
one plate to the other; if the cell potential began rising too 
early during charge, the addition of electrolyte to the positive 
plates would often lower the potential for another period of 
charge at about 1.95 volts. The plates are closely packed 
leaving little room for free electrolyte so that actually the 
apparent electrolyte level changes do not represent a large 
amount of electrolyte. Little change may appear if the level 
is above the top of the plates as seen in Fig. 22, but that is not 
the normal level for operation. 

With cycling the characteristics of the separators probably 
tend to change since "irrigation" gradually becomes less neces- 
sary and less effective. Even the point in the cycle where any 
make-up water is added is important as evidenced by the im- 
provement in battery capacity beginning at cycle 28, Fig. 8. In 
this case, adding make-up water at the beginning of the charge 
rather than at the end made a difference. Actually, if with a 
single cell the charge is cut off at about 2.0 volts, little water 
would ever be needed but when cells are operated in series some 
gas would be evolved and occasional watering would be needed. 

Short Circuit 

One or more cells of each of two batteries were short- 
circuited through 1.0 X 10'^ ohm resistance under conditions 
of maximum and minimum metallic silver content. Figure 23 
shows the current and voltage during the first fractions of a 

7 



CES 206/16 



second of short circuits of two cells which had previously been 
charged and floated for 30 days. Figure 24 shows short-circuit 
currents of a commercial cell in various other states of charge 
and discharge, the maximum recorded current being about 1200 
amperes* ^ 

The voltage rise the first few seconds after the short 
circuit was removed is shown in Fig. 25 and a little closer look 
at the initial voltage rise may be had in the tracings of the actual 
oscillograph record for a cell in each battery in Fig. 26. 

CONCLUSIONS 

This study has been limited by the time, facilities and 
number of cells available but it does indicate that, in its present 
state of development, the silver oxide -zinc secondary battery 
can give a life of well over ICQ cycles. Capacity loss during 
stand is comparatively small and the battery appears to operate 
satisfactorily on a float routine. It has maintained or improved 
its outstanding power output per weight and volume which makes 
it exclusive for some applications. 

Much is yet to be learned about the mechanism of the cell. 
Problems relating to charging the silver plate and keeping the 
zinc products in place are recognized. 

These batteries are available commercially in capacities 
from 0.5 to 300 ampere hours although the initial cost is still 
necessarily high. 
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TABLE 1 
Cell Description 



Model 
No. 


No. of 
Cells 


Height (in.) 


Length 
(in.) 


Width 
(in.) 


Gross 
Volume 
(cuft) 


Weight 
(lb) 


No. of Plates 


Overall 


Less Terminals 


Positive 


Negative 


MC-80* 


4 


6.4 


5.7 


3.5 


1.5 


0.0195 


2.22 


8 


9 


MC-lOO* 


4 


6.4 


5.7 


3.5 


1.5 


0.0195 


2.45 


10 


11 


FW-lOO* 


5 


11.25 


10.25 


5.25 


1.25 


0.0427 


5.40 


6 


7 


LR-100* 


5 


4.8 


3.9 


2.8 


3.4 


0.0265 


2.97 


26 


27 


BB-402** 


8 


5.9 


5.5 


3.6 


1.5 


0.0319 


2.55 


7 


-8 


BB-405** 


12 


5.9 


5.5 


3.6 


1.5 


0.0319 


2.55 


7 


8 



* Yardney Electric Corp. 

** Willard Storage Battery Co. 
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TYPICAL 6 AMP CHARGE CELL I OF BB-405A CYCLE 3 AT 80«F 




0.4 
0.3 
0.2 
0.1 



CO 



O 
> 




■ o- o o 



POSITIVE PLATE POTENTIAL 



J i ±_L^ I I I I I 



-I 



13 -1,7 
o 

> -1.8 



o o o 



NEGATIVE PLATE POTENTIAL 
J_J \ \ \ \ \ \ L 



A 



1200 



1000 — 



800 



600 



400 



200 



TOTAL GAS EVOLVED 

727ml OXYGEN 
1 33 ml HYDROGEN 



OXYGEN RATE 



I I -I 




HYDROGEN RATE 



12 3 4 5 



6 7 8 9 
HOURS 



10 II 12 13 14 15 16 



Figure 1 
ces 206/16 



BB-405 CELL I 

TYPICAL 10 AMP DISCHARGE, CYCLE 4 80'' F 
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POWER OUTPUT 
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BATTERY CAPACITY WHEN DISCHARGED TO 5.6 VOLTS AT 10 AMPERES. 80*' F 
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INITIAL DISCHARGE BB-405 CELL I 80^F 10 AMPS 
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CELL I OF BB-405 GAS EVOLVED AFTER ADDING ELECTROLYTE TO DRY CHARGED CELL 
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BB405 CELL 10. ELECTROLYTE LEVELS AND CELL POTENTIALS DURING A DISCHARGE 80*'F 10 AMPS 
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SILVER OXIDE-ZINC ALKALINE STORAGE BATTERY 
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SILVER OXIDE-ZINC ALKALINE STORAGE BATTERY 
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CELL VOLTAGE RISE WHEN SHORT CIRCUIT IS REMOVED, FW-lOO, 80°F. 

Curve I follows charge, 30-day float and 0.7-second short circuit, 
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Introduction 

Lead acid storage battery plates are usually made by 
applying the active material, in paste forro, to a metallic grid. 
The grid is usually an alloy of lead with antimony and possibly 
other ingredients. Antimony may be present In percentages up to 
125^. Such alloys make good castings but are not desirable electro- 
chemically because of the harmful effectis of antimony in promoting 
self discharge. An alloy of lead and calcium has been developed 
for grids, largely by the efforts of the Bell. Telephone Laboratories, 
which has made It possible to reduce the self discharge of lead 
batteries by a very large amount. Batteries with calcluro-lead 
grids have been used successfully In floating service but are 
generally believed to be unsuitable for cycling, 2Jhe Bureau of 
Ships has been investigating the characteristics of batteries 
with calcium-lead grids in cycle service because of the evolution 
of hydrogen which is explosive, and the evolution of stibine which 
Is toxic, from submarine batteries with antlmonlal-lead grids. 
The results of the tests conducted by the Material Laboratory, 
C & D Batteries, and the U.S. Naval Research Laboratory are pre- 
sented in the following text. These tests included cells with posi- 
tive grids of .250, .135 and .090 Inch thick. 

Theoretical Considerations 

The lead-acid storage battery, using only the active 
materials has been determined to be highly reversible. This means 
that the rate of chemical reaction between the active material 
and the electrolyte, is strictly proportional to the current 
flowing. Chemical reaction on open circuit is extremely slow 
under normal conditions of temperature and electrolyte concentration. 

Practical cells, however, do not use the active materials 
only. In addition to the active material^, the practical cell 
contains antimony, carbon, barium sulfate, organic materials, and 
significant amounts of other materials. With respect to antimony, 
the amount in the cell may be as much as 12$^ of the weight of the 
battery grids. Experiment has shown that the antimony is responsible 
for self discharge both at the positive plate and the negative plate. 
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An alloy of lead and calcium, containing .085^ calcium 
has been found to be very similar to pure lead in density^ melting 
point and conductivity while being far superior to pure lead in 
tensile strength. Actually, this Qalcium lead aloy is at least 
as good as 12^ antlmonlal-lead in tensile strength. 

The calcium-lead alloy has been widely used in telephone 
systems batteries which are floated on a constant potential line. 
However, It has been generally considered that the cells with 
this alloy are not suited for ordinary cycling and are more easily 
damaged by over charging. 

Test Results - Thick Plate Cells 



The Bureau procured six, 6 volt batteries, C & D Type 
3-CIHI5-W, on Contract NObs-50289, which were shipped to the 
Material Laboratory in August 1951. 

Descriptive details are as follows; 



AH (10-hour rate) 
Service Weight 
Dimensions of Tray 



Cell Dimensions 



200 AH 
l&O Lbs. 

21-5/8 Inches long - overall 

7-9/16 Inches wide 
18-5/8 Inches high - overall 

6,85 Long 
6-5/16 Wide 
16-1/2 High - overall 



Plate Thickness 



.250 inches positive 



One battery was put on life test, in accordance with the 
standard procedure of MIL-B-15072, Test IV. -Routine discharges 
consist of a discharge at 65 amperes for two hours (130 AH) or to 
prior limiting voltage of 4,80. Routine charges are 36 amperes 
for 3 hours (108 AH) followed by 16 amperes for 3 hours, totalling 
156 AH. This averages 20^^ overcharge. Capacity tests were pre- 
ceded by an equalizing charge, finished at 10 amperes. Capacity 
was determined at the 10-hour rate at cycles 10, 20, 30, ko, 50, 
60, 70, 72, 83, 92, 100, 150, and at 50 cycle intervals thereafter. 
Capacity was determined at the 5 minute rate at cycle 51, 104l, and 
after failure at the 10-hour rate. 

It was found that the capacity at the 10-hour rate was 
about 240 AH or 120^^ of rating for over 1000 cycles. Total cycle 
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life to failure was 161O. Failure was apparently caused bv moss 
short-circuits in one cell. Five minute rate (500 amperes) tests 
gave 47.5 AH at cycle 51, 56.25 AH at cycle 104l, and 52 AH after 
failure. This last test was made on two cells, in February 195^. 
Rated capacity is ^1.7 AH at 500 amperes. 

Hence it was determined that the cells were capable of 
lasting 42 months on test Involving 16IO cycles. This is as 
good as the cycle life of high quality antlmonlal-lead batteries. 

It will be noted that the charging of the battery was 
performed by a two step, constant current, charge. This gave 
1205^ charge. The manufacturer does not recommend this kind of 
charge. He recommends a constant potential charge and a minimum 
of overcharge. This recommendation is believed to have a sound 
basis for two reasons: 

(a) The cells do not need 20^ overcharge 

(b) Overcharging a calcium-lead cell battery will soften 
the positive paste sooner than would occur with antimonial-lead 
grid cells. 

However, equipment for this kind of charging was not 
available. 

Long time stand tests were scheduled for four batteries. 
Results of capacity tests are now available for 1, 2, and 3 years 
stand. Four years, of stand will be completed in December 1956. 

The tests were performed as follows: 

Each battery was charged and then discharged at the 
10-hour rate. This is cycle #1. 

Each battery was then recharged and put on shelf for 
12, 24, 36, and 48 months. 

The batteries were discharged after the specified shelf 
period. This is cycle #2. 

The batteries were then recharged and then discharged 
immediately after charge.. This Is cycle #3. 

Results were as follows: 

1 Year Shelf 2 Years Shelf 3 Years Shelf 

1) Discharge #1 242 AH 245 AH 260 AH 

2) Discharge #2 217 206 l40 
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1 Year Shelf 2 Years Shelf 3 Years Shelf 



3) Discharge #3 

41 Average #1 & #3 

5) Loss of Capacity (4-2) 

6) % Loss 

7) % Loss/Year 



226 AH 
234 
17 

7 

7 



266 AH 



251 
45 
22 
11 



233 AH 

246 
106 



s 



The procedure used In calculating per cent loss follows 
that used by A. C. Zachlln In his article "Self Discharge in Lead- 
Acid Storage Batteries" Journal of Electrochemical Society, Vol 92, 
1947. He considers that averaging the capacity Just before the 
stand and just after the charge following the stand, takes into 
account the trend of cycling and avoids undue emphasis on the . 
cycle Just before the stand. 

Zachlln »s data was obtained with plates .250 Inch thick 
with grid compositions ranging from pure lead to 12^^ antimonial- 
lead. Extrapolation of Zachlln Vs data on 6 month stand test to 
1.210 sp.gr. electrolyte indicates a loss of about \% per month 
with pure lead grids. This is in fair agreement with the Material 
Laboratory results with calcium-lead alloy grids. This is to be 
expected since the calcium-lead alloy is practically equivalent 
to pure lead I.e. 99. lead, ,1% calcium. 

Cells with antimonial-lead alloy grids, on the baa^s of 
Zachlin's data, show much greater stand loss. 

On stand for 100 days at 80®P, cells with pure lead grids 
lost 1% capacity whereas cells with 9^ antimonial-lead grids lost 
about 45^ of initial capacity; according to Zachlln. This was 
determined for nearly new cells. As the cells age, pure lead or 
calcium-lead grid cells show no significant change in self discharge. 
Antimonial-lead grid cells, on the other hand,, may increase 
enormously in this respect. Antimonial-lead cells also tend to 
show much higher self discharge if maintained on a program of low 
overcharge, or high per cent of idle time. 

Another indication of capacity loss on stand of lead- 
acid batteries is the drop in electrolyte specific gravity. The 
results obtained for the batteries on shelf for 1, 2, and 3 years, 
averaging the 3 cells in each battery were as follows: 



Specific gravity Drop During Room Temperature Stand 



Stand (years 
Sp, Gr. drop 
Sp.Gr. drop per year 
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This may be contrasted with a normal drop of about ,001 
per day for antimonial-lead batteries. 

Plotting total sp.gr. drop against AH loss gives a straight 
line whose slope is 2.3 AH/po3,nt (.001 sP-St^-)- ^^^^^^ 
agreement with the. specific gravity drop on 10-hour rate discharge, 
which averaged 2.3 AH/polnt. 

In conclusion, it has been established that calcium-lead 
alloy grid cells, with .250 inch positives and efficient active 
material retention, in electrolyte of 1.210 sp.gr., |jave as good 
cycle life under normal overcharge as antimonialrlead grid cells 
of high quality. In addition, the cells are capable of long 
stand periods, up to 3 years at room temperature, with a retention 
of charge greater than 505^ of initial capacity. The cells can be 
recharged after 3 years stand and discharge, with restoration or 
normal capacity. 

Test Results - Thin Plate Cells 

On Contract NObs-65261, C & D Batteries endeavored to 
develop a battery with .090 thick positive grids, to meet the 
requirements of the Navy standard diesel engine starting battery 
BB257/U. Considerable effort was required to develop a technique 
of casting suitable for such grids. However, good homogeneous 
grids were finally cast. 

Life tests were conducted in accordance with Test V of 
Specification MIL-B-15072A. This provided considerable overcharge, 
averaging about 255^. Requirements are 150 cycles, minimum. 

Results of tests of six batteries were not satisfactory. 
All batteries developed internal short-circuits before cycle 100. 
In addition, the positive material softened and the cells lost 
capacity at the 10-hour rate. 

The major problem seems to be the need for a effective 
retainer which is thin enough for these cells. 

Retainers used in the six batteries were as follows: 

(1) Non-woven felted mat of Dynel fibers folded 
over the bottom of the positive plates. 

(2) Unidirectional glass fiber mats plus perforaied.i 
sheet retainer. 

(3) .015 inch Jackstraw glass mats. 

All batteries used mlcroporous separators, as well. 
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Results of Capacity Tests were as follows: 



Cycle Rate 
(Amps) 


Spec 


. Discharge Time 


(Hours 


unless 


otherwise stated) 


#1. 






fill 


#5 




1 17.5 




10 




11.3 11-38 


11.25 


12.15 


10.25 


2 100 


1 




1.3 


1.45 


1.35 


1.48 


1.2 


3 650(1) 


3.3 


4.1 


4.25 


5.3 


2.15 


2 i*S 


1.5 Mln. 


49 100 


1- 


1.07 


1.38 


1.43 


1.02 


1.3 


1.03 


50 17.5 


10 


7.7 


8.9 


8.9 


4.8 


6.6 


8.33 


52 17.5 


10 




9.9811 




2.0 


5.7 


5.6 


99 100 


1 




1.05 










100 17.5 


10 




5.25 










101 650(1) 


3.3 




3.1 Mln. 









(I) discharged at zero P to 3 volts final 

(IX) separators were replaced after cycle 50 

Thus three of the batteries met or exceeded the speclfi- 
cation initially and through cycle 49. However ^ sharp decline in 
10-hour rate capacity occurred at cycle 50. The best battery, 
#2 showed about 50$^ of 10-hour rating at cycle 100 10^?^- L^T^ 
rating at cycle 99, 93^ of rated capacity on cold test at cycle 
101. 

Inspection of the batteries after cycling disclosed the 
following: 

positive material was soft and mushy 

internal shorts, generally across the bottom of ^ the plates 
penetration of grid by oxide formation was slight. 

The fact that the low rate capacity fell so sharply is 
attributed to the loss of available positive material. This loss 
is believed due to two factors: 

(a) Under continued overcharge, the residual sulfate which 
binds the lead dioxide tends to be completely eliminated. Ordinary 
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antlmonlal lead .grids have the effect of preventing the complete 
conversion of lead sulfate to lead dioxide. In the absence 
of antimony, this conversion can apparently go to completion. 
Consequently, the . calcium-leah cell la more easily damaged by 
overcharge than the antlraonial-lead cell. On the other hand, it 
does not need very much overcharge. This point seems well established 
by the excellent results reported for batteries, on float. However, 
it remains to be seen how the batteries perform" in cycle service 
when the overcharge is minlinized. 

(b) The close spacing between plates in the engine-starting 
batteries limits the retainer to about .015 inch thickness. With 
available retainer materials, under overcharge conditions, the 
mats become saturated quickly and then permit rapid erosion of the 
active material. 

It is concluded that further development is needed along 
the following lines: 

(a) More effective material retention under overcharge. 

(b) Determination of optimum charging procedure to minimize 
overcharging on cycle tests. 

With respect to (b), some preliminary work at the U.S. 
Naval Research Laboratory on cycle tests without overcharge, on 
cells with about .090 inch positives, is of interest. In this 
test, the cells used five plates, 5-1/2 i 5-5/8 with .08^ calcium- 
lead alloy grids. Separation was accomplished by mlcroporous 
separators .035 inch thick with the flat side against an .010 
inch glass fiber mat which pressed against the positive. A thin 
glass mat was placed between the separator ribs and the negative 
plates. 

The cycle consisted of a discharge of 3.7 amperes for 4 hours, 
11 minutes (94o amp. minutes) followed by a two step charge total- 
ling 9^0 amp-minutes. Charge rates were 6.9 amperes for 1.48 hours 
then 1.8 amperes for I.56 hours. 

The absence of overcharge was found to produce electrolyte 
stratification and poor charge acceptance at the bottom of the 
plates. After 25 cycles, air agitation was employed to eliminate 
stratification. Capacity tests were made after an over-night 
charge at 0.5 ampere. 
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Results of capacity test of cells In I.280 sp.gr. electrolyte. 



were as follows: 

Cycle Capacity ^ ^ 
(Amp-Mln) Rating 

8 13^0 96^ 

21 1390 (Air agitation after cycle 25) 995^ 

42 1460 10556 

70 1520 • 109^ 

123 1530 109^ 

It is clear that these results are entirely different 



from the results reported by C & D Batteries for cycle tests 
with 12056 overcharge. The contrast becomes sharper when it is 
realized that the U.S. Naval Research Laboratory plates were 
made by C & D for their experimental work. 

U.S. Naval Research Laboratory also determined the guowth 
and the penetration of the positive grids during the test. 
Results reported were: 

Cycle % Growth 

10 .3 

25 .55 

120 1.5 . 

These results would indicate that the growth of the grids 
did not cause any loss of capacity at moderate rates of discharge. 

Inspection of the cells after cycle 123 showed that the 
positive material was firm and in good condition. Grid growth 
was 1.556 in width and the peroxide penetration was only .006 cm. 

The difference between the results of tests of the six 
batteries at C & D and the cells at U.S. Naval Research Laboratory 
may be attributed, in part, to a more effective retainer system and, 
in part, to greatly reduced overcharge. Continuation of this work 
will be necessary to determine whether thin plates (.090 inch) 
with calcium-lead grids can be built to meet the life requirements 
of MIL-B-I5072A. In this connection, it should be noted that present 
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antlmonlal-lead cells last 2-3 times as long as the minimum require- 
ment of MIL-B-15072A for the BB257/AJ. 



Intermediate Thickness Plates 

Submarine battery cells have been built and are on test 
to determine performance under simulated service conditions. 
These cells were bul3.t by The Electric Storage Battery Company 
and by Gould-National Batteries, Inc. Each cell weighs about 
1000 pounds and is rated at 6830 AH at the 10-hour rate, 4340 
AH at' the 1-hour rate. The Electric Storage Battery Company 
cast the grids by top pouring. Oould cast the grids by bottom 
pouring. Both claim satisfactory grids can be cast by their 
procedures. However, it Is believed that bottom pouring In 
which the molten metal rises In the mold and the leading portions 
contact air, is less liable to dross inclusions than top pouring. 

Because of very close weight tolerances for submarine cells, 
the differences in density between antiroonial-lead and calcium 
lead required modification of the standard grid mold. (8^ antl- 
monlal-lead weighs .388 poQDd per cu.ln., calcium-lead weighs .410 
pound per cu.in.) 

Several other production problems were encountered. The 
calcium-lead alloy la much more difficult to "burn" i.e. weld 
than antimonial lead. In addition, the bond between the alloy 
and the copper inserts in the terminals required special techniques. 
However, these problems were solved, and cells were produced with- 
out any antimony. . 

In the submarine cell, the positive plate is .135 Inch 
thick by 12 i 30. The negative plate is .098 inch thick by 12 x 30. 

Electrolyte specific gravity is I.265. 

Results obtained thus far at the Material Laboratory on 
Gould cells on a simulated Submarine Service Life Test are as 
follows : 

capacity 

Cycle Rate Hours % of Rating 

6 165 44.75 93.2 

7 685 9.63 . 97.0 

8 4340 0.89 89.9 

9 6775 0.44 90.0 
S6 165 47.83 97.7 

97 685 11.12 108.4 

98 4340 1.08 103.4 

99 6775 .53 100.0 
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Hydrogen evolution on stand, fully charged, at 100*P, 
averaged 62 cc/Viour at cycle 52: 55 cc/hour at cycle 95. To 
appreciate how small this is, note that it is equivalent to a 
current of about 20 milliamperes for a 1000 AH cell. It is 
actually 3 cc/^our per 1000 sq.in. of plate area. 

For an extreme comparison, Crennell & Mllligan, "World 
Power", June. 1932 reported that tests of hydroeen evolution from 
charged antlmonial-lead negative plates in 1.250 sp.gr. electro- 
lyte, at 35* C (95*P) showed a rate of about 10 cc/hr x sq.cm, or 
about 60 cc/hr x sq.in. This is 20,000 times as great. 

Submarine battery cells with antlmonial-lead negatives are 
usually much better than the results reported by Crennell & Milligan 
would Indicate. However, as they age, the hydrogen evolution in- 
creases slowly at first and then rises sharply at about the time 
the capacity begins to fall. It is expected that the calcium-lead 
cells will not show appreciable increase in hydrogen evolilition 
during life. 

Hydrogen evolution from antimonlal-lead grid cells other- 
wise the same as the calcium-lead grid submarine cells whose hydrogen 
evolution was given above, has been measured with the following 
results: 

Cycle Hyd. Evolution (ccAour x cell) Ratio to Ca-Pb 



47 


162 


2.7 


137 


263 


4.4 


226 


524 


8.7 


317 


746 


12.5 


407 


1600 


27 


497 


2540 


42 


587 


3510 


88 



Tests of stibine evolution have not been made on cells 
with calcium-lead grids. It is expected that stibine will not be 
found. This is an important consideration among the factors that 
led the Bureau to install a battery of cells with calcium-lead 
grids in the nuclear ppwered submarine, the USS SEAWOLP. 
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In addition to the Exide and Gould submarine battery cells 
on test at the Material Laboratory, a group of 12 cells including 
3 with calcium-lead grids were put on a special life ^^st at 
the Electric Storage Battery Company, as specified in ContracTiS 
NObs-65221 and N0b3-72005. T^ie life test was designed to simulate 
an anti-submarine (SSK) patrol which differs from the normal sub- 
marine life test in that the cells are most frequently discharged 
7 hours at 105 amperes, then charged for 1 hour smarting at 1200 
amperes. This partial discharge and charge is typical or SSK 
operation. It results in a slight charge deficit which is made 
up periodically. Results obtained on capacity and hydrogen 
tests with cells built with .085^ calcium-lead alloy grids were 
as follows: 



Lab Cycle 
(Approx) 


i> Rated 
6-hr rate 


Capacity 
1-hr rate 


Hyd. Evolution 
cc/hour X 1000 AH 


Initial 


105.7 ■ 


101.5 


18.9 


118 


104.3 






210 


113.6 




20.0 


212, 213 


105.3 


109.3 


314 


121.7 




34.0 


4l7, 4l8 


100.9 


93.3 


610 


106.1 




16.7 


613, 6l4 


86.9 


73.3 



Failure was due to grid corrosion. It will be noted that 
the hydrogen evolution did not rise at the failure point, which 
usually occurs with antlmonial-lead grid cells. Total life was 
about 18 months on this test. This- is considerably less than 
shown by the antlmonial-lead cell groups on the same test. How- 
ever, in the performance of. this test which began in June 195^, 
The Electric Storage Battery Company operated the entire group of 
12 cells In series. This subjected' the calcium alloy cells to 
the same overcharge as the antlmonlal-lead cells. It is possible 
that the life of the calcium cells might have been extended if 
they had been operated as a separate group. In addition, the 
grids were cast by techniques which may not have been optimum. 
However, pending results of the Material Laboratory tests, the 
Bureau Is not approving calcium-lead for submarine batteries in 
diesel-electric submarines. 
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Bureau of Ships projects on storage batteries with calcium- 
lead grids. 

(a) New York Naval Shipyard (Material Laboratory) 
Project 4433-127 - 

Evaluation of submarine battery cells, Gould TPI-c-67 
with calcium alloy positive grids and pure lead 
negative grids 

Status - 99 cycles on 5 May 1956 

(b) New York Naval Shipyard (Material Laboratory) 
Project 4433-132 - 

Evaluation of submarine battery cells, ESBCO type 
MAW-67E with positive and negative grids of lead- 
calcium allov .065 - .08^ calcium. 

Status - 4 capacity test cycles reported In June 1956 

(c) New York Naval Shipyard (Material Laboratory) 
Project 5311-C-l ^ 

Evaluation of 200 AH portable storage batteries with 
calcium-lead grids, C&D type 3-CXSH15-W, furnished 
on NObs-50289. 

Status - Cycle life test. completed 

3 year stand test completed December 1955 

4 year stand in December I956 

(d) Contract NObs-65261 with C & D Batteries, Inc. 
Development and testing of a battery with calcium- 
lead grids to meet the specifications for the standard 
Navy portabie engine starting battery (6V-SBM-130 AH - 
BB-257A). . J 

Status - Contract completed but results unsatisfactory. 

Other related projects are: 

Contracts NObs-65221 and NObs-72005 with The Electric 
Storage Battery Company 



life test. 



Special grid alloys for submarine cells on SSK service 



This contract covers the construction and testing of four f4) 
groups of GUPPY submarine battery cells on a program simulating 
service In an anti-submarine submarine. 
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Positive Grid Nesfatlve Qrld 

Group 1 - 8$^ antimony. Lead-plated Pure lead 

Group 2 - ^ antimony, .Ijt silver ^^^^ 

Group 3 - .08^ calcium calcium 

Group 4 - 35^ antimony, 1.55^ tin. Pure lead 
.035^ selenium 

Work started in June 195^ and is continuing. 
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PRJiSENTfiD AT THii JOINT BATTKRI CONFERKNCJi MEETING - 12 SfiPTSMBtiR 1956 
Sponsored by the Coordinating Coraraittee on iiquipment & Supplies 



Office of the Assistant Secretary of Defense (RStD 

AII'iCRaFT STORAGE BATTERIES 
NIGKEL-GADMIbM AI^ID SILV£R ZINC 
By Paul C. Donnelly 
Bureau of Aeronautics 



The aircraft battery prior to the^ introduction of jex aircraft was used in 
a dual capacity for both engine starting and as an emergency electrical 
power supply. In today's high performance aircraft equipped with jet engines, 
batteries are no longer required for starting povrer^ however, their iinport--' 
ance as an emergency power system has been greatly increased* 

There can be no dispute to the statement that the electric system has a more 
in^jortant role in the flight of modem military aircraft than ever before. 
The electrical poa^er r'^quirements of todays military aircraft have increased 
approximately three fold over that of our World War II aircraft. This increase 
is especially true in regard to the «nergency or essential bus. Today an 
emergency load of 75 to 100 amperes for periods of time up to 30 minutes is 
not uncommon. Batteries with increased capacity must be developed to handle 
these emergency loads. The Bureau of Aeronautics is cognizant of this fact 
and has embarked on the development and evaluation of nickel- cadmivim and 
silver-zinc aircraft batteries capable of meeting these requirements. 

Before any new battery can be installed in a military aircraft, long and 
careful laboratory evaluation must take place. Learning all the characteristics 
of the battery improving its shortcomings, searching for hidden deficienclesy 
and modiiying if necessary the- aircraft electrical configuration to accomodate 
any peculiarities of charge or discharge of the battery must be undertaken. 

Briefly, the construction and the electro-chemical reaction of the nickel- 
cadmium battery is as- follows: Garbo^yl nickel powder is pasted on thin strips 
of nickel plated steel sheets and then sintered under high temperature. The 
positive plates are saturated with nickel hydroxide and the negative plates 
are saturated with cadmium hydroxide. Nylon cloth is normally used as a 
separator material and potassium hydroxide employed as the electrolyte. In 
order to rdnimize the gassing all the plates and separators are tightly com- 
pressed into a stainless steel container. On charge nickel oxide is converted 
into nickel dioxide and cadmium oxide is reduced to cadmium. On discharge the 
process is reversed. 



During charge there is no release of any gas until the plates approach a full 
charge condition, at which time oxygen is released by the positive plates and 
hydrogen by the negative resulting from the electrolysis of water in the electro- 
lyte. In the aircraft storage batteries being procured tfte gas is quite easily 
recombined due to the lai^ge surface area of th^r pxates and the limited amount 
of electrolyte resulting from tightly cojnpressing the plates. Actually, if the 
charging rate is reduced sufficiently at the end of charge a point of equil- 
ibrium is reached where charging can be conducted indefinitely without any 
measurable release of gasses. 



NiOo Cd 
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The constrijction and electro -chemical reaction of the silver oxide-zinc 
battery is somev/hat siinilar. The silver battery is composed of silver oxide 
positive plates and. negatives of zinc. Because of the absence of hesry sup- 
porting grids in the plates, the close packing of the plates, and the fact 
that the reactions of the cell do not involve overall electrolyte concentra- 
tion changes, thus allowing a minimum quantity of electrolyte, the silver 
battery is a very compact unit on a weight to volume basis. The extent of 
usage of the active materials is unusually great which also contributes to 
small size and weight. 

The effective overall electro-chemical reactions of the system -lay be stated 3.3: 

in 2 (OH) '^^'^ ZnO HgO 2e (i; 
Ag20 HgO 4- 2e ^- ^ 2Ag ^ 2(0H) • (2) 

VJhen silver is oxidixed electrochemically, it may attain a higher valence 
state than it does in the more familiar chemical reactions in which silver 
has a valence of one. Research has indicated that in the silver batteiy silver 
reaches a gtate of oxidation greater than is represented by AggO. In this case 
the reactions arei 

2n -I- 2(0H) ZnO +• HgO -4- 2e (3) 

2AgO + HgO + 2e Ag^O 2(0H) (U) 



The conductivity of the negative plate is high even though zinc oxide, the 
product of discharge, is an insulating material. The negative conductivity 
does not restrict the discharge rate. As seen in half reaction (a;, the 
positive plate is in a highly oxidized condition at the start of discharge. 
Since silver oxides are fair conductors, and the positives contain residual 
silver even in a fully charged condition, the conductivity of the positives 
is understandably high from the beginning of a high rate discharge and im- 
proves as the plate is reduced to metallic silver. The good performance on 
discharge of the silver battery nay be attributed to: 

a. Excellent plate conductivity. 

b. High active material efficiency. 

c. Lack of concentration polarizations due to the alpiost 
unchanging composition of the electrolyte during discharge. 

The silver-zinc and nickel -cadmium aircraft batteries have been developed 
along the lines of present lead-acid aircraft batteries as regards size, 
weight, and dimensions. This has been done in the interest of standardiza- 
tion and interchangeability. The nickel-cadmium battery does not have an 
electrical output appreciably more than that of the lead-acid battery. It:. 
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ijnprovenient, or aclvanta-ge, over a lead-acid battery is due to the fact that 
during the life of the batter-/ no battery maintenance is reqidred, no ob- 
jectionable sasses are released, and a slightly higher vrattage output of the 
battery at hi-gh rates is obtained. It is hoped that a longer battery operating 
life viill result, however, only through service evaluations can -this fact be 
ascertained. The silver battery fcolds a distinct advantage over both the 
nickel-cadmium and the lead-acid batteries in relation to i^att-hours per pound, 
i^or example, a 30 pound silver battery can furnish the same capacity as an 
60 pound lead-acid battery under normal conditions. 

Although both the nickel-cadmum and the silver batteries have been given 
extensive publicity as a major iiriprovement ever lead-acid batteries, there 
are still several obstacles to be overcome, some of which are serious while 
others can be corrected easily. 

. The difficulties encountered by this bureau in its evaluation of the nickel- 
cadmim battery have been: 

(1) Susceptibility to go into a "vicious cycle" caused by 
high temperature and or high charging voltage. 

(2) Failure of safety relief valves to operate, due to poor 
design. 

(3) General poor mechanical construction as regards the 
battery container and the method of securing the ceils 
in the container* 

It is hoped all these discrepancies will be overcome by the folloiring 
design improvements: Tlie addition of a reliable over-temperature relay to 
prevent overcharging; an inqproved pressure relief valve; and a better 
designed battery container and method of securing the cells in the 
container. 

The difficulties --jith the silver battery are more complex. Evaluation tests 
have shoT-m that this battery cannot be efficiently charged from a DC generator 
and also it has a short cycle life. This bureau is presently engaged in the 
development of a compatible charging system for these batteries and also 
investigating means of increasing it's cycle life. 
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